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Abstract 
An Analysis of the Redesigned SAT I-Mathematics:  
Perceptions of Teachers, English Proficient Students, and English Language Learners 
Margaret Hui Chen 
This study examines how large scale assessments like the Scholastic Aptitude Test 
(SAT), developed for students proficient in academic English, may not produce reliable and 
valid outcomes for academically vulnerable students, namely English Language Learners 
(ELLs). This mixed-methods study was conducted to uncover differences between the old and 
new mathematics sections of the SAT, to see if differences in mathematical performance 
correlate to language abilities by looking at students’ approach, and to explore teacher 
perceptions, attitudes, and pedagogical practice in the instruction of English learners.  
The study took place in a New Jersey school district. Seventy-eight students of varying 
language proficiencies were administered an old and new SAT-Mathematics (SAT-M) section. 
After scores were statistically analyzed, fifteen students were purposefully chosen to be 
interviewed. For a more comprehensive view of scores, students were asked to think out loud as 
they completed selected test items and answer questions pertaining to their background, 
problem-solving methodology, misconceptions, and limitations. Similarly, nine teachers were 
given a survey and the exams to pinpoint difficult questions, explain why students struggle, 
identify what English learners’ needs are, and describe how the needs are met.  
Qualitative data revealed that students’ performance was a reflection of mathematical 
and/or language challenges, or lack of exposure to certain mathematical concepts. Additionally, 
test structure and time constraints had confounding effects on student performance. Even though 
a variety of cognitive processes were observed, they seemed more aligned to a student’s 
academic track rather than linguistic abilities. With ELLs usually consigned to lower track 
mathematics classes, the interconnectedness of class, language, and expectations remains critical. 
Teachers’ responses reveal their pessimism in overcoming students’ language access barrier and 
low sense of mathematical efficacy. Teachers’ efforts to provide a more equitable education to 
ELLs reveal tensions between reform curriculum and equity. Findings of this study contribute to 
the discussion on factors that may lead to the marginalization of ELLs on national assessments. 
The results have important implications for test construction and challenges the 
conceptualization of what “language” is and what being “college and career” ready means. 
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Chapter I – Introduction 
Need for the Study 
The Scholastic Aptitude Test (SAT) has inspired much research over the years ranging 
from the use of norm-referenced tests that compare students to other test takers (rather than 
“criterion-referenced” tests that measure students’ performance against a fixed standard), to 
correlated advantages such as “parental income and education” (Hartocollis, 2016, p. 1). 1 
Parents, teachers, and students have devoted tremendous time and money on preparing for this 
“educational arms race” that is commonly used to determine a student’s eligibility and/or 
entrance into top colleges and universities. As a result, questions about fairness, validity, and 
reliability of the SAT have arisen.  
The question of fairness and equity is particularly stark for English Language Learners 
(ELLs), or students who speak a language other than English. As of 2018, ELLs made up 21% of 
all United States K-12 public school students. With ELLs representing such a substantial portion 
of the test-taking population, test administrators should ensure that standardized tests do not 
favor any subgroup over another. Many educators share the prevailing view that mathematics is 
considered a distinct “universal language where numbers connect people regardless of culture, 
religion, age or gender” (NYU Steinhardt, 2009, p. 2). On the contrary, language plays an 
important role in teaching and learning mathematics.  
   Perhaps more than any other subject, teaching and learning mathematics depends on 
language. Mathematics is about relationships: relationships between numbers, between 
categories, between geometric forms, between variables and so on. In general, these 
relationships are abstract in nature and can only be brought into being through language. 
Even mathematical symbols must be interpreted linguistically. (Barwell, 2008, p. 2) 
1 Disclosure: This research does not necessarily reflect the views of the College Board. 
2 
While mathematical language is in some ways universal, students must be proficient in both the 
mathematical language and the English language to successfully understand and apply 
mathematical concepts.  
In 2016, the SAT was redesigned to align with the Common Core Standards, a move that 
made many people wonder whether the new SAT would make mathematics less accessible. 
Anemona Hartocollis wrote in the New York Times article “New, Reading-Heavy SAT Has 
Students Worried” that questions on the new SAT are more language loaded, forcing students to 
wade through unnecessarily long verbiage to isolate the essential mathematics. According to The 
Atlantic,  
   The new SAT will focus on fewer types of math, sacrificing breadth for depth and 
testing students on the material the College Board believes to be most essential to 
“college and career success.” That might sound like a good idea. But with this change in 
focus comes a change in question style. And that could be problematic. (Murphy, 2015, 
para. 5)  
Both theory and research suggest that a standardized mathematics test used to assess 
achievement may inherently measure factors other than math related knowledge and skills and 
inadvertently put ELLs at a disadvantage (Abedi, 2002). For example, many researchers have 
noted that the language of mathematics differs from “everyday” language (Abedi et al., 2008; 
Cummins, 1981; Mando, 2007). While students who have a higher level of English proficiency 
may not find contextual information challenging, ELLs may have difficulty understanding the 
questions due to increased cognitive demand. These potential barriers for ELL students lead 
researchers to ask if the redesigned SAT-Mathematics (SAT-M) is a proper gauge of 
mathematical skill and if the SAT is inherently disadvantaging marginalized students in the game 
of high-stakes testing.  
3 
Background 
The SAT was created to “dismantle the culture of inherited privilege which existed at …  
elite academic institutions and to establish a new elite based on intellectual merit alone” (Biester, 
2003, p. 16). Key policymakers like James Bryant Conant, the first president of Harvard 
University, Carl Brigham, a pioneer in the field of psychometrics, and Henry Chauncey, the first 
president of the Educational Testing Service, proposed, created, and put into action a test that 
would “depose the existing, undemocratic American elite and replace it with … brainy, 
elaborately trained, public-spirited people drawn from every section and every background” 
(Lemann, 2000, p. 5). They wanted to replace the aristocracy of birth and wealth with a more 
natural aristocracy of the intellectually gifted. Their desire for a large-scale test to evaluate the 
diversity of students came to fruition but evolved into the unintentional establishment of a new 
elite: the American meritocracy, generating conflict and tension, and narrowing the path to the 
best opportunities in American society.  
   A thick line runs through the country, with people who have been to college on one side 
of it and people who haven’t on the other. This line gets brighter all the time. Whether a 
person is on one side of the line or the other is now more indicative of income, of 
attitudes, and of political behavior than any other line one might draw: region, race, age, 
religion, sex, class. (Lemann, 2000, p. 6)2  
Differences in scores by race, income, etc. are compounded by unequal education and 
opportunity, further widening access to college and career. The resulting meritocracy has become 
a “means of handing out economic rewards to a fortunate few” (p. 186).  
   Those who receive the most education are going to move into virtually all the key jobs. 
Thus the question “Who should go to college?” translates itself into the more compelling 
question “Who is going to manage the society?” (Gardner, 1961, as cited in Lemann, 
2000, p. 348)  
                                                            
2 While the SAT was intended to diversify the student population, many colleges and universities 
continued to only admit white males into their student ranks. 
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Rephrased differently, the resulting meritocracy has become a “means of handing out economic 
rewards to a fortunate few” (p. 186). 
The SAT has undergone many changes since its invention by Carl Brigham in 1926. The 
SAT originally metamorphosed from the Army Alpha, a test used to assess the intelligence of 
male military recruits during World War I. As the Army’s IQ test, the bulk of the questions were 
devoted to word familiarity and included very few mathematical calculations (Lemann, 2000). 
The SAT Mathematics section continued to undergo many changes, and in 1994, was revised to 
include 1) calculator use, 2) grid-in responses, and 3) an increased emphasis on applied problems 
and data interpretation. All questions could be answered without a calculator, comparison 
questions were removed and replaced, and a decreased emphasis on abstract mathematics was 
implemented (Biester, 2003, pp. 18-19). In 2005, the mathematics section expanded to 
incorporate concepts covered in Algebra II courses and to emphasize college-readiness skills. In 
2009, the College Board instituted a new policy which allowed students to send their best 
composite scores to the schools at which they were applying. In 2016, the SAT changed yet 
again, modifying its structure, and scoring method to align with Common Core standards.  
The 2016 redesigned SAT added trigonometry questions and deemphasized complex 
geometry problems. The addition of more advanced mathematics, such as trigonometry, meant 
the test would cover material from a greater number of courses and limit the number of students 
prepared to take the SAT early. The mathematics section required more reading, with fewer 
questions based on equations and more word problems. Some prompts presented the same type 
of real-world situations that the Common Core emphasizes. For example (as seen in Figure 1),  
   This question, ranked by the College Board as “easy,” is very much a product of the 
Common Core standards, which ask students to both link abstractions (like the graph of a 
line) with real-world phenomena (such as the link between a person’s height and the 
5 
length of his or her metacarpal bone) and express such connections verbally. (Murphy, 
2015, p. 1)  
In addition, the choices have been cut down from five to four for the multiple-choice items and 
one mathematics section prohibits the use of calculators for typical calculations. Despite the 
2016 changes, the SAT remains a norm-referenced test, ranking students on their speed and 
accuracy. 
Figure 1 
Sample Multiple-choice SAT-M Question 
 
Note. Question 3 of 30 calculator sample questions found on the College Board’s website. (The 
College Board, n.d. a) This problem, along with all other College Board test items in this 
dissertation, are reproduced with permission (see Appendix A).  
Research on the SAT has focused on identifying gender differences (Byrnes, Hong, & 
Xing, 1997; Young & Fisler, 2000), investigating the relationship between SAT-M item 
characteristics and the item’s ability to predict college outcomes (Galla et al., 2019; Kobrin et al., 
2011), and assessing the reliability of skills measured by the SAT (Ewing, Huff, Andrews, & 
6 
King, 2005). Minimal research attention has been directed towards how ELLs fare on the SAT-
M. Furthermore, few groups other than the College Board have conducted research on the new 
SAT-M. In February 2014, 5,600 students were given the prototype SAT. Dudley (2016) from 
Reuters found that only 47% of students finished the non-calculator section and only 50% 
completed the calculator section, as compared to 83% of students who were able to complete the 
reading section and 80% who were able to finish the writing and language section (p. 7). The 
original intent for the redesigned SAT was to have 10% of the math section be text heavy (i.e. 
questions that contain more than 60 words). Academics that were part of the committee to 
evaluate the math test items found that in the four practice tests the College Board released, 45% 
of the questions were text heavy (Dudley, 2016, pp. 6-9). Test developers thus decided to reduce 
the number of text-heavy math problems to help more students finish the exam; however, Dudley 
found that the College Board never made these adjustments and instead launched the new SAT. 
In a written statement to Reuters, an executive involved in remaking the mathematics section 
stated that College Board did not have the time or resources to change the questions for their 
planned debut (p. 11).  
As a result, critics from the New York Times such as Hartocollis (2016), Atkinson & 
Geiser (2015), and Hoover (2017) have reported that the redesigned SAT changed dramatically 
from previous incarnations due to its text-based questions. However, in a recent CNN interview, 
a spokesperson from College Board stated that the number of words in the reading section is 
“roughly the same, the length of reading passages is shorter, and the math section includes the 
same percentage of word problems as in the past” (Wallace, 2016, para. 9). One College Board 
spokeswoman stated that “the rate of completion of the math section … ‘met our goals and on 
average is equal to or higher than the completion rate for the math section of the old SAT’” 
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(para. 23). However, similar scores in mathematical performance may be attributed to the old 
exam penalizing one-fourth of a point for wrong answers, encouraging students to leave 
questions blank rather than guess. These differing statements and perspectives show that it is still 
premature to tell how much the new mathematics section will impact students, especially 
students of limited English proficiency. 
Much of the educational research aimed at improving ELL success on standardized tests 
has focused on language factors in mathematics tests, and the effects of English language 
proficiency on students’ performance on standardized tests.  
   Proficiency in the mathematical language proper and proficiency in the formal and 
academic English language utilized in the mathematics classroom play important roles in 
students’ understanding and in students’ ability to appropriately apply it to the solution of 
problems. (Santos, 2003, p. 3).  
Researchers, including Abedi (2008), Cummins (1981), and Mando (2007), differentiated 
between Cognitive Academic Language Proficiency (CALP) and Basic Interpersonal 
Communicative Skills (BICS) and have suggested that ELLs may take anywhere between five to 
seven years to acquire the academic language and only two to three years to acquire basic 
conversational skills (Mando, 2007, p. 20). For ELLs with limited formal schooling (less than 
one year), it may take anywhere from seven to ten years to reach the age and grade level norms 
of their English-speaking peers. Collier (1995) and Mando (2007) theorized that the required 
length of time is “evident with a variety of student subgroups, regardless of country of origin, 
socioeconomic status, or other background variables” (Mando, 2007, p. 21). The intent for 
reformed mathematics or mathematics situated in real life context is so that it is more accessible 
and relevant to learners. However, Adoniou and Qing (2014) identified a paradox: 
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   It can make mathematics less accessible to those who are learning the language since 
word problems increase literacy demands … which, in turn, increases the challenges for 
English language learners. Fluency in interpersonal conversation does not equate to 
fluency in concepts and the discipline-specific language of mathematics. (p. 5)  
Thus, mathematical word problems often pose challenges to ELLs because the problems require 
students to read and comprehend the text, to identify the questions that needs to be answered, and 
to create corresponding numerical equations to solve. ELLs who have had a formal education 
may not have mathematical difficulties but begin to struggle when they encounter word problems 
in a second language. 
In addition to facing different types of English proficiency, ELL students must confront 
mathematical concepts that may differ from what they were taught in their home country or 
home, thus challenging them to re-learn concepts. One such example is measurement. Most 
countries use the metric system whereas the United States uses the imperial system. Even though 
changing systems may not be a real hindrance, conversions and adaptations take time. These 
varying concepts could affect students learning and impede their understanding. Linguistic 
challenges such as mathematics vocabulary, association of mathematical symbols with concepts 
and utilization of that language to express concepts, use of passive voice and strings of words 
can challenge the native speaker, let alone the ELL students. Abedi and Lord’s (2001) 
investigation suggests noted that  
   Data from this study were consistent with previous research suggesting that unfamiliar 
or infrequent vocabulary and passive voice constructions may affect comprehension for 
certain groups of students and that average and low-achieving students may be at a 
relatively greater disadvantage in answering mathematics items with complex language. 
(p. 232) 
Word problems are a challenge because word order and syntax can shift at the sentence level. In 
English, phrases at the beginning of the sentence usually act as points of departure for the rest of 
the sentence. This provides a logical sequence for readers of English sentences. However, in 
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mathematics, the reader could read the sentence sequentially but the order in which they need to 
respond may not be the same. For example, Adoniou and Qing (2014) used the example “Draw a 
circle with a diameter of one-third the sum of 6+9+15” to demonstrate how students would need 
to calculate the sum and product prior to drawing a circle with the given criteria (p. 6). 
Terms borrowed from everyday language can disadvantage ELL students because when 
applied to mathematics, these terms can have a completely different meaning. For example, 
“angle” in everyday life means a viewpoint or standpoint. In Geometry, an angle is the space 
within two lines or rays. Complex strings of words that, in combination, have mathematical 
significance can also pose a problem for ELLs (e.g., greatest common denominator). 
Comparative structures such as “greater than,” “as tall as,” or prepositions can create confusion 
(Eaton, 1999, p. 14). Researchers like Sato, Rabinowitz, Gallagher, and Huang (2010) agree that  
   Access to tested content is constrained when conditions such as aspects of presentation 
or format of test information or response requirements, sociocultural contexts, or cultural-
specific references interfere with students’ ability to demonstrate their content knowledge 
and skills. Such conditions disadvantage certain groups of students. (pp. 5-6)  
Test results may measure students’ abilities, skills and knowledge that is unrelated to the 
intended test constructs, therefore, underestimating the child’s level of achievement. 
 These realities highlight the importance of dialogue between instructors and policy 
makers about the relationship of student performance on large-scale assessments. Given the 
potential consequences, practitioners and policymakers must develop assessment systems that 
are accessible to ELLs. Practical information to understand student’s experiences with large 
scale assessments, characteristics of schools, etc. should be gathered to make known the level of 
awareness that students and teachers have about large-scale assessments like the SAT. 
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Purpose 
The purpose of the study is threefold. First, the study will identify differences between 
the new and old math sections of the SAT using both quantitative and qualitative analyses. 
Second, the study will identify differences in how students approach and solve SAT-M questions 
and whether these differences are correlated to language proficiency. Third, the study will 
explore teacher perceptions about both the old and redesigned SAT-M and what they think are 
the potential obstacles ELL would face.  
Research Questions 
This study will seek to answer the following questions: 
1. What patterns of differential performance are there between the new SAT-Mathematics 
and old SAT-Mathematics? 
2. Is there differential item performance between ELL and non-ELL students on the new 
and old SAT-Mathematics? If so, what are they and why? If not, are their cognitive 
processes the same? 
3. What are teachers’ perceptions of the issues related to language that may be prevalent in 
the old and redesigned SAT-Mathematics? 
Procedure 
A panel of teachers and students evaluated a pool of questions from the mathematics 
sections of the old and new SAT. The jury of students consisted of ELLs, bilingual students, and 
native English speakers. Students reported their own information about English proficiency 
classifications, language backgrounds, grade levels, highest levels of math, grades, and 
ethnicities via preliminary surveys provided at the start of the tests. English proficiency 
classification was based on results from the World Class Instructional Design and Assessment 
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(WIDA) – Assessing Comprehension and Communication in English State-to-State for English 
Language Learners (ACCESS) Placement Test (also known as the W-APT assessment). This test 
screens for English language proficiency and assists educators in placing and identifying ELL 
students. The WIDA consortium identifies six levels of English proficiency: Entering, Emerging, 
Developing, Expanding, Bridging, and Reaching. Students were categorized for the purposes of 
data analysis into one of three groups: Group 1 consisted of students who are in ELL Levels 3-6, 
students who still need accommodations and/or modifications and students who have exited the 
English as a Second Language program; Group 2 was made up of bilingual students who have 
never used services for ELLs; and Group 3 was comprised of native English speakers. Seventy-
eight students were given the calculator section from an old examination and a calculator section 
from the redesigned examination. A selection of fifteen students (six from Group 1, four from 
Group 2, and five from Group 3) were asked to participate in a semi-constructed interview and 
think-aloud. Interviews were audio-recorded and transcribed for further analysis. Follow-up 
interviews were conducted to verify transcriptions and to disperse information or findings. 
A panel of high school teachers, consisting of both tenured and non-tenured teachers, 
participated in the study. The experts consisted of nine math instructors and one language expert. 
A two-part survey was given to these teachers to obtain their background information, teaching 
experience, views, beliefs, and expectations on the new and redesigned SAT-M. Follow-up 
interviews were conducted and recorded to either expand and/or verify responses. 
To answer the first question (What patterns of differential performance are there between 
the new SAT-M and old SAT-M?), students completed two calculator sections in one sitting: one 
from the old and one from the redesigned SAT. Permission was obtained from the College Board 
to use their tests. Questions were not modified by the researcher to control for factors such as 
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test-item bias that may interfere with any variance test that may be conducted to see patterns of 
differential performance between the old and new exam. In addition, calculator sections were 
used instead of non-calculator to avoid bias towards a particular test (non-calculator sections are 
only on the revised SAT-M). The researcher looked at overall performance between the two tests 
and identified items that will be used for the semi-constructed interview and think-aloud. 
To answer the second question (Is there differential item performance between ELL and 
non-ELL students on the new and old SAT-M? If so, what are they and why? If not, are their 
cognitive abilities the same?), variance in SAT-M scores and the interview questions helped to 
confirm if language and/or context played a factor. Results from the two mathematics sections 
were examined and a selected group of fifteen student participants were questioned by an 
interviewer. The selected students were given a fresh copy of the exams and asked to redo select 
questions and reflect on items they thought were difficult. Their responses and think-aloud were 
audio recorded and transcribed. Interview questions made by the researcher included, but are not 
limited to, students’ methodology, inferences or assumptions made due to sentence structure or 
wording of the question (e.g., terminology, use of negation, atypical sentences), why they chose 
the answers they had selected, and types of mistakes they made (e.g., procedural, understanding). 
The purpose of the interviews and think-alouds was to follow up on student results, to provide 
context behind their choices, and to show if there are any differences between each group of 
English language proficiency. 
For the third question (What are teachers’ perceptions of the issues related to language 
that may be prevalent in the old and redesigned SAT-M?), a survey, email correspondence and/or 
interview were conducted. The teacher panel had a total of nine instructors. Questions were 
asked to ascertain their beliefs about how students of varying English language proficiency 
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might fare and why. Questions asked to teachers paralleled the questions that were asked to 
students: cultural differences, linguistics such as vocabulary and polysemous words (i.e., words 
with the same spelling and pronunciation but different meanings), syntactic features of word 
problems, semantic features that may cause challenges for ELL students. Lastly, they were asked 
to describe effective strategies they may have used for teaching mathematics in the classroom, 
their views on standardized tests, and the challenges to provide a more equitable education to 
English learners.  
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Chapter II - Literature Review  
 The following review of literature consists of five sections. In the first section, the focus 
will be on how schools and districts identify students as ELLs. The second section includes key 
theorists’ contributions regarding second language acquisition. Third, the review of literature 
will examine specific language demands in mathematics such as linguistic versus non-linguistic 
features, and lexical and syntactic complexity. The fourth section discusses the ELL experience 
in school from the teachers’ point of view, which include course placement and pedagogical 
practice. Lastly, we discuss how the College Board supports and accommodates ELL students. 
This chapter assisted in formulating the research questions of the study. 
Background of the ELL 
As the population of ELLs in U.S. public schools continues to grow, issues concerning 
their evaluation, instruction, and assessment are among the top national priorities in education. 
According to the National Center of Education Services, “In 2015, the percentage of public-
school students who were English Language Learners (ELLs) ranged from 1.0 percent in West 
Virginia to 21.0 percent in California” (2018, p. 1). “About 1 out of every 10 public school 
students in the U.S. in 2017 is learning to speak English” (Sanchez, 2017, p. 1). Dickenson 
(2012) from Education Week and authors Thomas and Collier from the Center for Research on 
Education, Diversity, and Excellence project that “ELLs will comprise over 40 percent of 
elementary and secondary students by 2030.” (Dickenson, 2012, p. 1; Thomas & Collier, 2002, 
p. 7). Based on the National Center for Education Statistics, only 63% of ELLs graduate from 
high school, compared with the overall national rate of 82%. In New York State, for example, 
the overall high school graduation rate is about 78%, whereas for ELLs, is 37%. Of those who do 
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graduate, only 1.4% take college entrance exams like the SAT and American College Test 
(ACT) (Sanchez, 2017).  
The changing demographics across schools in the United States bring certain implications 
and challenges. At the forefront of these concerns is how ELLs are portrayed due to a lack of 
consistency in defining them.  
   While assessment and accountability systems usually treat the ELL category as binary 
(a student is ELL or not), ELLs are very diverse and exhibit a wide range of language and 
academic competencies, both in English and their primary language. (Abedi & Linquanti, 
2012, p. 1)  
For example, the ELL population includes students who were born in the United States or 
emigrated at a young age to parents who speak a language other than English. These students 
may have a greater understanding of U.S. culture and customs but may still struggle to become 
fluent in academic vocabulary. The population is also comprised of students who have recently 
arrived in the United States but may not have attended formal schooling. “The label ‘English 
Learner’ … has different meanings, is not based on objective criteria, [and] does not reflect 
sound classifications” (Moschkovich, 2011, p. 18). A student may be classified as Limited 
English proficient in one state but not another. Some reports identify ELLs as a homogenous 
population when in fact they are highly heterogeneous and complex. The National Council of 
Teachers of English (2008) have described ELLs as having “varied levels of language 
proficiency, socio-economic standing, expectations of schooling, content knowledge, and 
immigration status” (p. 2). The spectrum of experiences that an ELL student falls under is broad 
and extensive, making it difficult to properly identify the many faces of ELLs. 
There is even some debate over the terms that describe students who learn a language 
other than English: English as a Second Language (ESL), English as a Foreign Language (EFL), 
English as an Additional Language (EAL), and English for Speakers of Other Languages 
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(ESOL). Recently, the term “emergent bilinguals” refers to who educators call ELLs and who 
legislators or the federal government call Limited English Proficient (LEP) students. In a 
research initiative to campaign for educational equity, García, Kleifgen, and Falchi (2008) 
believed that students labeled as ELL or LEP perpetuate inequities in education because it 
negates the notion of bilingualism. The term “emergent bilinguals” is preferred by these 
researchers because students learning the English language are seen as having the potential to 
develop a second (or additional) language and allows educators to recognize bilingualism as both 
a social and cognitive resource. In this research study, the terms ELL, LEP, and emergent 
bilinguals will be interchangeably used. 
Under federal law, school districts must have a system in place to identify students who 
need language support services. The No Child Left Behind Act of 2001 (NCLB), signed into law 
by President George W. Bush in 2002, mandated the inclusion of all students in a school’s 
assessment and accountability system. Their definition of “Limited English Proficiency” were 
students enrolled or preparing to enroll in elementary or secondary schools, not born in the 
United States or whose native language is a language other than English, who comes from an 
environment where a language other than English has a significant impact on the individual’s 
level of English language proficiency, and/or who have difficulties in speaking, reading, writing, 
or understanding the English language (Young & King, 2008). Put differently, students who are 
identified as ELL are students who have not demonstrated a level of academic English 
proficiency comparable to that of their English-proficient peers. This definition was adopted 
when NCLB was replaced by Every Student Succeeds Act (ESSA) in 2015. 
In most states, school districts choose to use the most simple and cost-effective method to 
identify and screen for ELLs, which in most cases, is a survey. Based on the Education 
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Commission of the States Report from 2014, New Jersey school districts identify ELLs through a 
survey administered by bilingual/ESL certified teachers and a department-approved language 
proficiency test. In New York, the status of a student’s language proficiency is determined 
through a home language questionnaire, an informal interview in both English and the student’s 
native language, and an English proficiency exam.  
Other districts use the WIDA Can Do descriptors, a set of documents that identify what 
ELL students “can do” at different levels of English language development. These descriptors 
identify ELL students along a six-level continuum of language proficiency. In the first stage, 
“Entering,” students have a pictorial or graphical representation of the language. As students 
graduate from “Entering” and move on to “Emerging,” students develop phrases or short 
sentences. They can restate information using content-specific terms and provide examples that 
were previously studied. In the “Developing” stage, these sentences are expanded in oral 
interaction and written paragraphs. Students at this stage can pose and respond to questions in 
small group discussions. In Stage Four and Five, also known as “Expanding” and “Bridging,” 
respectively, students begin to have varying lengths of linguistic complexity in their oral and/or 
written discourse. By the end of “Bridging,” students can engage in extended conversations and 
recognize nuanced meanings of words and phrases. At the final stage, “Reaching,” students have 
achieved a level of proficiency that rivals that of non-ELLs of the same age. Since sixth stage has 
no ceiling, any student who has reached this point remains in the “Reaching” stage, including 
any former ELL students or students who have exited the ELL program. 
An examination of the relationship between mathematics and language may provide a 
better understanding of the academic implications for ELLs. For example, Abedi and Lord 
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(2001) have found that ELLs score lower on standardized tests of mathematics than students 
fluent in English, suggesting the language dependence of mathematics.  
   In a report on the teaching of algebra to English learners in California, Lager (2004) 
noted that 23% of current English learners and fewer than 50% English learners who 
were redesignated as “fluent” passed the 2002-2003 high school exit exam, of which 36% 
of the mathematics questions were from algebra. (Schleppegrell, 2007, p. 155)  
Their research indicates that even when students have exited the ESL program, they may not be 
ready to take on high-stakes exams. Language proficiency is a multifaceted structure that can 
reflect proficiency in multiple contexts and disciplines. The use of high stakes testing 
presupposes that students’ test scores is an accurate reflection of his or her mastery of a 
particular content, such as mathematics (Abedi et al., 2003; Noble et al., 2014). However, this 
assumption may be flawed, especially for the ELL population. Numerous reports commissioned 
by the National Research Council have stated 
a test [of proficiency in a content area] cannot provide valid information about a student’s 
knowledge or skills if a language barrier prevents the students from demonstrating what 
they know and can do. (National Research Council, 2000, p. 20)  
In addition, English learners have historically suffered from disproportionate assignment to 
lower curriculum tracks, limiting their opportunity to learn (Moschkovich, 2011; Callahan, 
2005). Moreover, measures or assessments for language proficiency related to competence in 
mathematics have been sorely lacking. Such conditions disadvantage certain groups of students 
by measuring a student’s abilities, skills and knowledge that is unrelated to the intended test 
constructs, thereby, underestimating the child’s level of achievement. 
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Theories about Second Language Acquisition and Proficiency 
 Various theories have emerged to explain the process of second language acquisition. 
These theories are intrinsically related to a wide variety of disciplines such as linguistics, 
psychology, neurology, and education. In the following section, some of Dr. Stephen Krashen 
and Dr. James Cummins’ theories and contributions, which can be applied to better support 
ELLs with standardized testing, are examined. 
Four Quadrant Matrix and CALP versus BICS 
Cummins, who coined the acronyms BICS (Basic Interpersonal Communicative Skills) 
and CALP (Cognitive Academic Language Proficiency), created the Four Quadrant Matrix to 
demonstrate how tasks and activities can be identified as cognitively demanding or undemanding 
and context-embedded or context-reduced (see Figure 2). The matrix can be used to determine an 
activity’s level of difficulty when working with ELL students. According to the matrix, context-
embedded activities involve students receiving strong, academic support and visual cues to make 
text content more comprehensible. Moving further to the right, tasks become context reduced, 
abstract, and contain few, if any, clues to support student comprehension of language or text 
(González, 2016, p. 17). Interestingly, fields other than mathematics may consider “pictures” as 
context reduced whereas many mathematicians may argue the opposite. For example, the graph 
of a projectile may tell you the initial height, the time it took to reach the ground, how long the 
object was in the air, and other essential information. Nonetheless, Cummins has standardized 
testing aligned with Quadrant D in the matrix, “which is identified as the most challenging 
quadrant due to the context-reduced material and teaching/learning format” (González, 2016, p. 
18). Activities in this section are typically the most challenging for students and even more so for 
ELL students. To be successful in Quadrant D, a second language learner or emergent bilingual 
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must be considered as proficient as a native speaker because a Quadrant D task is considered 
both cognitively demanding and context reduced. “Nevertheless, ELL students cannot bypass 
this quadrant because the content is required for academic success and successful performance 
on standardized assessments” (González, 2016, p. 18). 
Figure 2 
Cummins’ Four Quadrant Matrix 
 
Note. Cummins’ Framework for Evaluating Language Demand with Examples of Tasks for Each 
Quadrant (Cummins, 1983). Reprinted with permission (See Appendix A). 
In Mando’s 2007 dissertation, students, regardless of how long they have been in the 
country, were administered the mathematics section of the Criterion Referenced Competency 
Test (CRCT), a state-mandated end-of-year assessment in the state of Georgia. Mando addressed 
the question for ELLs in terms of assessment: “How long does it take to acquire proficiency in 
English to successfully participate in large-scale assessments?” She referenced Jim Cummins’ 
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research on two types of language: CALP and BICS. BICS refers to language that students use 
for communicating in a social setting whereas CALP refers to the language that is required in 
academic settings. Zwiers (2014) writes,  
   Social language (BICS) tends to be less complex and less abstract and is accompanied 
by helpful extralinguistic clues, such as pictures, objects, facial expressions, and gestures. 
Social language is used to build relationships and get things done in less formal settings, 
such as the home, parties, sporting events, and shopping. Academic language (CALP) 
tends to be more complex and abstract, lacking extralinguistic support. (p. 22) 
ELLs frequently develop BICS first and once they are proficient in activities using BICS, it is 
assumed their English is sufficient to succeed in the classroom, and as a result, participate in 
large-scale tests. Studies have shown that the gap is smallest in computational math, but ELLs 
lag behind when it comes to problem solving because it is more language loaded. To see BICS 
and CALP in a more concrete way, the following question was posed to students: “You have 20 
dollars. You have 6 dollars more than me. How many dollars do I have?” (Baker, 1996, as cited 
in Shanmugam and Lam, 2013, p. 32). Students using academic language were able to obtain the 
correct answer of 14 dollars by conceptualizing the phrase as 6 subtracted from 20. “In contrast, 
students who interpret the question within the context of the home language will most likely get 
26 as the wrong answer” because they are “confused with the meaning of the word ‘more’ used 
in a social setting usage which carries the connotation ‘add up’” (Shanmugam & Lam, 2013, p. 
32). Mathematics may seem like a universal language, but in solving word problems, language 
level plays a huge factor on students’ academic achievement. In terms of the teacher,  
   A lack of distinguishing between BICS and CALP [could result] in inequitable 
assessments of bilingual students and [their] premature exit from language support 
programs. (González, 2016, p. 21)  
The paradox of providing context to make problems more accessible but simultaneously 
increasing literacy demands suggests that premature exit of ELLs from ESL programs may occur 
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because of a demonstration of proficiency in conversational English. This early exit raises 
concerns and could potentially impede academic growth by denying ELLs the appropriate 
supports and services needed to successfully answer mathematics questions. 
The purpose of Mando’s study was to analyze the extent to which English language 
proficiency predicts academic achievement as measured by the CRCT mathematics test. Her 
quantitative study concluded that the language proficiency scores were predictors of mathematics 
achievement scores. A statistically significant difference in the average English score between 
three CRCT performance groups was found. Those with the lowest language score, scored the 
lowest on the CRCT mathematics section. Students with higher levels of English language 
proficiency had higher levels of mathematics achievement. Therefore, to assess students’ 
academic achievement would be inaccurate because CRCT mathematics scores are partly 
measuring English language proficiency. Mando recommended that assessments be administered 
based on the development of English language proficiency and not on how many years a child 
has been in this country. She called for alternatives for assessing ELL students rather than 
relying on a single test score.  
In another study, Abedi and Lord (2001) investigated the importance of language in 
student test performance on mathematics word problems. Nationally, children perform 10% to 
30% worse on word problems than on comparable problems presented in numeric format. Their 
study examined whether students would find linguistically simpler test items easier to 
comprehend and whether modification of linguistic structures would affect student performance. 
Students were given released items from the National Assessment of Educational Progress 
Mathematics Assessment where some questions were in their original format and some were 
revised with simplified language. They were asked about their perceptions and preferences on 
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the test items. Scores on original and modified items were compared. The modified versions kept 
the math task the same but modified non-math vocabulary and structures. Math terminology was 
not changed.  
In their findings, differences were found in math performance on linguistically modified 
versions. Certain groups benefited more from the modified version—in particular, students in 
low-level and average math classes, ELLs, and low socioeconomic status students. The largest 
difference in math performance was found between students in different math classes. ELLs still 
scored significantly lower than proficient speakers, but the modified version benefited the ELLs 
more than speakers of English. The results of Abedi and Lord’s study indicate that modifying 
word problems can affect student performance. Data from this study was consistent with research 
that suggest  
unfamiliar or infrequent vocabulary and passive voice constructions may affect 
comprehension for certain groups of students and that average and low-achieving 
students may be at a relatively greater disadvantage in answering mathematics items with 
complex language. (Abedi & Lord, 2001, p. 232)  
Hence, the assumption that once students have developed enough “conversational” language, 
they are ready to take assessments is incorrect. In most cases, students who have exited from the 
ELL program, are still in the process of catching up with their English-native peers.  
Researchers like Abedi and Lord (2001) and Sato, Rabinowitz, Gallagher, and Huang 
(2010) suggest that a mathematics test used to assess achievement may measure factors other 
than math related knowledge and skills. This interference has been found to be most prevalent 
for ELLs. Research has shown that linguistic modification may reduce the complexity of the 
language used, without altering the construct or mathematical understanding, thereby enabling 
student access to the tested content. Linguistic modification is a “research-based process for 
changing the language in test items in ways that support clarity without simplifying or 
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significantly altering the targeted construct assessed” (Sato et al., 2010, p. 8). This particular 
accommodation is intended to increase student access by minimizing the language load 
associated with the text, without altering the math knowledge and procedures required to solve 
the problem. A decrease in language load is usually accomplished by reducing sentence length 
and complexity, using common or familiar words, and other adjustments.  
   Keywords such as “Tom has fewer than Jack” modified to “Jack has more than Tom,” 
even though mathematically equivalent, can radically affect the difficulty of an item for 
some students. (Katz et al., 2000, p. 43) 
The struggle lies in understanding the relationship between Tom and Jack and associating 
mathematical symbols with the concept and language used.  
Other types of accommodations were analyzed by Abedi and Lord. According to data 
analysis done by González (2016) and the most recent authorization of the Elementary and 
Secondary Education Act,  
   ELL students did not improve their performance significantly through the use of what 
are considered commonly accepted accommodations such as providing additional 
assessment time and reading test items aloud. (González, 2016, p. 31) 
Nonetheless, ELL students performed better on standardized tests when they were tested in their 
primary language and when language was simplified on test items while maintaining the items’ 
difficulty level (Abedi & Lord, 2001, p. 225).  
Common Underlying Proficiency 
Jim Cummins’ theory on academic language proficiency also included the 
interdependence of the first and second language academic skills. He believes that learning 
additional languages becomes easier if students have a foundation for the development of both 
the first and second language. Cummins indicates that in the course of learning the first 
language, a child acquires a set of skills and knowledge in which they can draw upon when 
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working in another language. He calls this relationship the “common underlying proficiency 
(CUP)” or the “one balloon theory” (Alonso, 2017, p. 6). Following this theory, any expansion of 
CUP that takes place in one language would ultimately have a beneficial effect on the other 
language. In other words, proficiency and knowledge acquired in the first language transfers 
directly to the second, without having the student relearn the same content. For example, if a 
child already understands the concept of “circumference” in her own language, all she must do is 
connect it to its English label. However, if she does not understand the concept and the label, the 
task becomes far more difficult (Cummins, 1979; Rubinstein-Ávila, 2013; Terrell, 2012). The 
ease with which a student acquires a second language is based upon the proficiency they attains 
in the first language. Terrell’s (2012) study purported that  
students who attain competence in both languages have academic advantages as their 
knowledge of the two languages support one another. In mathematics, children who 
possess this expertise actually outperform children documented as native and 
monolingual. (p. 21)  
She proposed that students should be taught in a way that values the language they bring into 
school, taking advantage of the linguistic aptitude that they already possess. 
The ease with which one learns a foreign language depends on many factors, including 
how closely one’s native language is related to the foreign language.3 Barry (2017), in her thesis 
on closer reading strategies applied by ELLs, indicated that  
ELLs whose native languages were alphabetic (English, Greek, Russian, Thai, Arabic, 
Hebrew, etc.) were better able to identify the altered English words then ELLs whose 
native languages were non-alphabetic (Chinese and Japanese). (p. 12)  
                                                            
3 The United States Department of State’s Foreign Service Institute has published a list of non-
English languages and the approximate length of time one would need to reach “professional 
working proficiency.” (Foreign Service Institute, n.d.) For example, a native English speaker 
would likely take 600 class hours to reach professional working proficiency in Spanish or Dutch, 
but would likely take 2200 class hours to reach professional working proficiency in Mandarin 
Chinese or Arabic (Foreign Service Institute, n.d.). 
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She portends that some ELLs would have a greater ease in developing oral and written 
proficiency than others. Graeco-Latin words in English tend to be difficult for learners who come 
from a language background greatly removed from Latin and Greek because they are “usually 
non-concrete, low in imagery, low in frequency, and semantically opaque” (Cummins, 1979, p. 
696). The CUP theory has direct implications on testing of ELL students, especially when they 
have not reached a level of proficiency in the targeted language due to students not yet acquiring 
the necessary vocabulary to express their ideas. Consequently, teachers and practitioners may 
find it difficult to “discern whether a student’s incorrect response is due to content knowledge or 
lack of second language proficiency” (González, 2016, p. 12).  
   The fortunate aspect of mathematics instruction is that a variety of response options, or 
“languages,” is available, so students who have difficulty expressing their thinking in 
English can use other modes of communication while they are developing English-
language skills. (Garrison & Mora, 1999, p. 43)  
Alternative approaches include written responses (in either the primary or the secondary 
language), graphical representations, and mathematical symbols. However, these response 
options are unavailable on the SAT-M due to its multiple-choice and student-constructed 
response format, disadvantaging ELL students who are not given other ways to represent their 
content knowledge. 
Acquisition Learning Hypothesis 
Stephen Krashen’s (1982) theory of second language acquisition makes a distinction 
between acquisition and learning. The “acquired system” or “acquisition” is a subconscious 
process that focuses on meaning rather than form and involves mostly natural communication. 
According to Krashen, the optimal way to learn is through natural communication, where 
language is used for a purpose. Acquisition-inspired approaches are geared towards the learner’s 
needs and goals. Activities are based more on conversation rather than study of grammar, similar 
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to how children learn their native language. The “learned system” or “learning” requires the 
student to consciously process formal instruction. This approach is teacher-centered and a 
product of formal learning. The objective of this approach is to understand the structure and rules 
of the target language.  
Regardless of the acquisition or learning approach used, ELL students, generally take five 
to seven years to reach the proficiency level of a native speaker (Collier, 1995; Cummins, 1981; 
Hakuta et al., 2000; Mando, 2007). When students acquire a second language, they move 
through stages, namely, pre-production, early production, speech emergence, intermediate 
fluency, and advanced fluency (Robertson & Ford, 2007; Collier, 1995). Pre-production is also 
known as “the silent period,” where students absorb the new language but do not speak. The pre-
production stage could last anywhere from a few weeks to a few months depending on the 
individual. Students begin to speak in short phrases in the early production stage. However, their 
focus is still on listening. During the emergent stage, words and sentences are longer and 
students rely heavily on context clues. Teacher support, scaffolding, and other types of assistance 
are needed to promote literacy. The emergent stage may last anywhere between one to three 
years. Students become fairly fluent in social situations during the fourth stage of language 
acquisition: intermediate fluency stage. At this particular phase, students have good 
comprehension with few, if any, grammatical errors. This stage may take two to three years to 
reach. The goal for ELLs is to obtain the level of advanced fluency, which includes fluency in 
both academic and social contexts. At this last and final stage, students can function on an 
academic level similar to their peers and are able to comprehend in decontextualized situations. 
The relative timeline for the advanced fluency stage is five to seven years and more so for a 
student with prior limited formal schooling.  
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Many teachers, students, and researchers describe mathematics as a language onto itself 
(Garrison & Mora, 1999). In this framework, mathematics should be taught and learned in the 
same way as one would acquiring a second or third language. ELLs must learn mathematics 
through the medium of English and teachers must teach, in effect, two languages: English and 
mathematics. Both Krashen and Cummins’ theories of language acquisition are significant 
because  
the language of mathematics is not acquired effortlessly and naturally through social 
interaction but rather learned and taught in school as a separate register and often as a 
consciously memorized vocabulary. (Ron, 1999, p. 24) 
These mathematical terms are not used in everyday language, even though mathematical 
operations may appear a part of our everyday lives. Learning symbolic mathematical language 
begins with everyday language that evolves and is later used to communicate abstract ideas and 
concepts. The rules to manipulate symbols and the meaning of symbols may change as we learn 
to operate in different domains. As Ron (1999) noted,  
   Going from the everyday language, which is by nature vague and ambiguous, to the 
mathematical language, which is precise and unambiguous, can result in errors that 
generally stem from the misconception that mathematical symbolic language directly 
represents natural language and vice versa. (p. 26)  
Even Shanmugam and Lam (2013) agree that to solve a mathematics problem, build a conceptual 
representation, and then select the correct operation, a student would have to use their knowledge 
of language, both mathematical and textual, to infer the information embedded in the text.  
   As such, a successful mathematical solution is dependent on the students’ academic 
language proficiency of the text, social language proficiency, mathematical language 
proficiency and mathematical competency. (Shanmugam & Lan, 2013, p. 35)  
Multiple-Choice versus Student-Constructed Responses 
Researchers have frequently noted that some test items are more difficult in the 
constructed response (CR) format than in the multiple choice (MC) format (Katz et al., 2000; 
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Terrell, 2012). Different solution approaches might engage different constructs, affecting the 
difficulty level of these two versions. For example, some items are more amenable to working 
backwards by plugging in response options. However, this approach does not work for questions 
in the CR format. For example,  
a MC form of “3𝑥𝑥 + 5 = 2 − 𝑥𝑥” can be solved by plugging in response options for x, 
rather than through algebraic simplification (allegedly the only strategy available in CR). 
(Katz et al., 2000, p. 40)  
Researchers have speculated that examinees use different, yet equally valid methods to solve CR 
and MC items and that question format and a format’s ability to foreclose certain student 
approaches to solving problems may have a greater role in informing difficulty than the question 
itself.  
Researchers have also suggested that certain question formats may test skills beyond 
mathematical ability that instead correlate to English language proficiency. For example, Katz, 
Bennett, and Berger (2000) have suggested that “examinees recognized answers to simple MC 
items but had to recall answers to CR counterparts” (p. 40). Research on memory such as those 
completed by Balota and Neely (1980) and Wallace et al. (1978) support that recognition is 
easier than recall. Katz et al.’s cognitive research has differentiated between two solution 
strategies: traditional and nontraditional.  
   Traditional strategies are the formal methods traditionally emphasized in U.S. 
mathematics education. … A nontraditional strategy, in contrast, involves the examinee 
making an estimate of the solution and then checking that estimate against the 
specifications of the item stem. (Katz et al., 2000, p. 41)  
Use of these two strategies involve different reasoning skills, and therefore different constructs. 
When performance on MC and CR counterparts is not equivalent, it is because examinees solve 
MC items by working from the response options, adopting non-traditional strategies on MC 
items and traditional strategies on CR items. Differences in performance between MC and CR 
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questions are amplified when MC questions offer incorrect answer options, or distractors, that 
are designed to be confused with the correct answer. Some test takers miss the question by 
choosing one of the nearly correct choices instead. According to the National Council of 
Teachers of Mathematics (1991), although the commonly used format may yield important data, 
conclusions drawn from the data can have a negative impact on how students are taught and 
evaluated at the school level because: a) student scores are generated solely on the basis of right 
and wrong answers with no consideration or credit given to students’ strategies and whether they 
could have gotten the right answer with a different question format, and b) time constraints 
measure how quickly students can respond but not necessarily how well they think. (Stenmark, 
1991, p. 8). 
Features of Academic Language in Mathematics 
Mathematics is commonly misperceived to be “culture free” and ideal for ELLs because 
many of the concepts taught use symbols (Garrison & Mora, 1999, p. 35). Many educators 
believe that mathematics is the great equalizer or universal language that gives students with 
limited English proficiency an equal standing with peer native speakers. They often assume that 
the language of mathematics is an intrinsic part of everyday language. However, “learning 
mathematics is not just a question of manipulating symbols, but of understanding how different 
systems for making meaning interact” (Schleppegrell, 2007, p. 142).  
   The role of language in mathematics is ubiquitous. It is the medium by which teachers 
introduce and convey concepts and procedures, through which texts and problems are 
read and solved, and by which math achievement is measured. Language skills … are the 
vehicles through which students learn and apply math concepts and skills. (Crandall et 
al., 1990, as cited in Eaton, 1999, p. 14).  
The fact that students use language to communicate does not automatically mean they know how 
to use language to construct meaning in mathematics.  
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The language demand associated with academic language, or the oral and written 
language learned in school, is highly complex and promotes higher order thinking and 
abstraction. In terms of mathematical complexity, students must solve word problems, interpret 
tables and charts, and apply mathematics to real-world situations. To make matters worse, as 
students reach higher levels of education, complexity of academic language deepens. In order to 
explain the type of higher order thinking involved, Zwiers (2014) refers to Bloom’s proposed six 
levels of thinking that “progress from knowledge to comprehension to application to analysis to 
synthesis to evaluation” (p. 27). Lastly, academic language is also used to describe abstract 
concepts. For example, when students are tasked to solve a quadratic equation by factoring, they 
must “know what a root is, what an equation is, how to factor, and how variables can signify 
different numbers” (p. 28). 
Michael Halliday (1975), a leading sociolinguist, defines “mathematics register” as a 
specialized use of English that differs from natural language. He points out that “everyday” ways 
of doing mathematics draw on “everyday” language, but the kind of mathematics that students 
need to develop through schooling uses language in new ways to serve new functions. Learning 
academic language for mathematics “is not just a question of learning new words, but also new 
‘styles of meaning and modes of argument...and of combining existing elements into new 
combinations’” (Schleppegrell, 2007, p. 140). Students need to be able to navigate multiple 
semiotic systems that include math symbol notations, oral and written language, visual displays 
(graphs and diagrams), and the interaction between these systems. To learn mathematics 
successfully, students need to be able to read and comprehend word problems and rewrite their 
interpretation in terms of relations and symbols.  
   Comprehension is predicated on synthesizing insights from all these different 
informational forms and requires readers to go back and forth, from the sentences, to the 
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symbolic notation, to the graphic representations, and so forth, to construct an 
understanding. (Buehl, 2011, p. 62) 
O’Halloran (1999) delineates the complex interaction between systems by posing a problem that 
uses a diagram representing a man on a cliff looking down at a river and wanting to calculate the 
width of the river with a rope and device that measures angles (p. 13). The act of looking down 
from a cliff can be reimagined as the hypotenuse in the diagram. With the inclusion of this line 
segment, a right triangle was introduced. The existence of the triangle was not known through 
the context of the problem, thus shifting the focus from a linguistic to a visual representation, 
resulting in students reconfiguring their operative processes. Schleppegrell (2007) used 
O’Halloran’s multisemiotic example to discuss how 
[l]anguage provides the contextual information about the situation, the mathematics 
symbolism describes the pattern of relationships between the entities, and the diagram 
provides a connection between the material world (a cliff and a river) and the 
mathematical processes that are constructed in the problem, a connection that was 
formulated in oral language in the classroom. (p. 142)  
In their work on educationally relevant differences in literacy, Shanahan, Shanahan, and 
Misischia (2011) have characterized academic texts as “being more explicit, distanced, and 
complex or highly structured when compared to oral language and nonacademic texts” (p. 398). 
With the SAT-M being an academic text modeled after the Common Core, we need to see how 
problems in the SAT-M section may affect students; in particular, students whose first language 
is not English. Shanmugam and Lam (2013) reveal that for these students, “language becomes a 
stumbling block because as they are learning the content knowledge, they are also learning the 
language used in the content” (p. 30). Moreover, mathematics  
subsumes linguistic knowledge, conceptual knowledge, and procedural knowledge. 
Linguistic knowledge is related to English proficiency while conceptual knowledge is 
based on the understanding of mathematical concepts that will direct students to select 
the correct operation. (p. 31)  
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In the following sections, we will review academic language in mathematics, which include 
vocabulary, syntactic knowledge, and other features. 
Linguistic vs. Non-linguistic features 
In order to solve a mathematics word problem, students must integrate both linguistic and 
non-linguistic modalities of communication. Students must comprehend the item’s language, 
know the domain-specific terminology such as specialized vocabulary (e.g., triangle, 
coordinates) and syntactic structures (e.g., “greater than”; “same as”). Jones, Hopper, Franz, 
Knott, and Evitts (2008) point out that  
[l]ike English, Spanish, and French, mathematics can be read from left to right; like old 
Egyptian, it can be read from right to left; like Japanese and Chinese, it can be read 
vertically. (Jones et al., 2008, p. 310)  
This unique characteristic means that students must be able to read not only left to right but also 
up and down, and even diagonally in order to understand mathematical text (Zwiers, 2014, p. 
101). 
Students need to interpret nonlinguistic math symbols and their particular syntax to 
decode mathematical meaning (e.g., equations) and make sense of visual displays, diagrams, 
graphs, and figures. Furthermore, students need to understand that “the language of mathematics 
integrates the multiple semiotic resources of natural language, technical math terminology, and 
non-linguistic symbolic and visual forms of representation” (Martiniello, 2007, pp. 8-9).  
   Students who are able to graph an equation but who cannot develop a table of values 
for the equation or identify a real context in which such an equation would be used are 
often considered to have only a limited understanding of equations. (Thompson & 
Chappell, 2007, pp. 193-194)  
Many mathematical concepts are embedded within other math concepts and depend on prior 
knowledge and experience. In Building Academic Language (a book written to cultivate 
academic language development across different disciplines), Zwier (2014) cites that learning 
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mathematics “is not about manipulation of objects. A great deal of it is learning how to use 
language—to represent ideas, to interpret experiences, to formulate problems and to solve them” 
(p. 109). Translating natural language into symbolic mathematical expressions can be quite 
daunting, even for native speakers. For example, Ron (1999) posed the following phrase to a 
group of university engineering students and asked them to translate it into an equation: “There 
are six times as many students as professors” (p. 27). Many of them used the equation 6𝑆𝑆 = 𝑃𝑃, 
where 𝑆𝑆 is the number of students and P the number of professors, instead of the correct 
equation, 𝑆𝑆 = 6𝑃𝑃.  
Language development is a dynamic process. The complexity of language arises from a 
number of linguistic elements and their interrelationships, making the construct hard to define. 
However, definitions for linguistic complexity, proposed by researches have similar structure 
and contain both lexical and syntactic features. 
   Lexical features … include number of low-frequency words, abstractions, polysemy of 
words, and idiomatic and culture-specific nonmathematical vocabulary terms. Syntactic 
features include mean sentence length in words, item length in words, noun phrase 
length, number of prepositional phrases and participial modifiers, syntactically complex 
sentences, use of passive voice in the verb phrase, and complex sentences, which are 
sentences with relative, subordinate, complement, adverbial, or conditional clauses. 
(Martiniello, 2008, p. 336)  
Of all the linguistic features, only “item length has shown relatively consistent negative effects 
on item difficulty for ELLs and non-ELLs in a variety of math tests and grade levels in national 
and state samples” (Martiniello, 2009, p. 163). Both long and short items were more difficult for 
students who always spoke a language other than English at home than for those that spoke only 
English. Other linguistic features such as items with ambiguous or multiple meaning words, 
presence of idioms, uncommon words, and/or words used in an uncommon way, and the number 
of prepositions and pronouns, had no effect on differences between ELL and non-ELL students 
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when considered individually. However, when considered together, their effect was significant 
(Martiniello, 2007, p. 13).  
In studies by Barton and Neville-Barton (2003, 2004), undergraduate ELLs showed 
greater understanding of non-linguistic or non-textual modes of representation. They also tended 
to resort to non-textual modes to make sense of math questions when they could not understand 
the English text. Their findings suggested that the difficulty ELLs face when comprehending 
English text in math word problems “may be overcome with symbolic, diagrammatic, or 
graphical understanding” when math assessments present problems through different modalities 
of representation (Barton & Neville-Barton, 2004, p. 6). In a different study, Martiniello (2007) 
showed that  
more linguistically complex items in the test tended to show greater [differential item 
functioning (DIF)] favoring non ELLs over ELLs, while less linguistically complex items 
in the test tended to show greater DIF favoring ELLs over non ELLs. (p. 30)  
However, the impact of linguistic complexity on uniform DIF is reduced when items provide 
schematic representations that help ELLs make meaning of the text, suggesting that their 
inclusion could help mitigate the negative effect of increased linguistic complexity in 
mathematics word items (p. 36). 
Lexical Complexity: Vocabulary 
Although estimates of the size of students’ vocabularies vary considerably, a reasonable 
estimate based on the research of Graves and Slater (2008) is that students learn around 4,000 
words each year. They suggest that students accumulate a reading vocabulary of about 25,000 at 
the end of elementary school and by the end of high school, students have garnered about 50,000 
words (p. 427). Therefore, ELL students who enter U.S. schools at older ages have particularly 
difficult time learning English and reaching academic parity with their English native-speaking 
36 
peers. The struggle is especially true for ELL students who enroll in a school system with limited 
prior formal schooling since they not only have to learn the current material but also remediate. 
The instruction of specific vocabulary is instrumental in decreasing the achievement gap because 
knowledge of vocabulary correlates with math reading comprehension.  
In a 2007 study on linguistic complexity, Martiniello commented how for a reader to 
achieve text comprehension, they would need to know about 90 to 95% of the words in any 
given passage or text (p. 43).  
   Low frequency words are less likely to be recognized, thus slowing down the reading 
process, increasing the memory load and interfering with text comprehension. As Adams 
explains “The greater the time and effort that a reader must invest in each individual 
word, the slimmer the likelihood that preceding words of the phrase will be remembered 
when it is time to put them all together.” (Adams, 1990, as cited in Martiniello, 2007, p. 
43)  
Rephrased differently, students may potentially over-focus on individual words, in their effort to 
accumulate definitions in order to do well on tests. Students must also consider the number of 
possible meanings, also known as the degree of polysemy. Even though mathematics has many 
distinct vocabulary terms used only in math such as “multiplicand” or “quadrilateral,” there are 
many terms that have dual or multiple meanings, one being more common and concrete and the 
others being more academic, abstract, and technical. A lack of vocabulary knowledge not only 
decreases ELLs ability to analyze a text, but it also can lead to misinterpretations. To use and 
understand these terms, students need to have mental flexibility and openness to connecting ideas 
to background knowledge, understanding the context, and making the leap to verbal 
interpretation (Zwiers, 2014, p. 30). Only then can they settle on a precise meaning based on the 
context of the problem.  
In their “Adapting Mathematics Instruction for English-Language Learners: The 
Language-Concept Connection” article published in the National Council of Teachers of 
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Mathematics, Garrison and Mora (1999) warned teachers to be wary of assuming that “English-
language learners understand the meaning of words simply because they can pronounce them or 
use them in coherent sentences” (p. 41). Examples include terms borrowed from everyday 
language that have different meanings in the context of mathematics (e.g., table, point, even, 
sum, equal, divide), technical words borrowed from Greek and Latin (e.g., hypotenuse), 
polysemous terms that require students to discern the specialized meaning of common terms in a 
mathematical context (e.g., “mean” in everyday life could mean offensive or to intend but in 
mathematics, it means average). Technical terms used in mathematics that have unrelated 
everyday meanings may be the most difficult to learn. This overlap of mathematical vocabulary 
and English can be quite problematic. For instance, “volume” could be interpreted as “loudness” 
or “space.” “Product” could mean “object” or “multiplication.” Even within mathematics, some 
words have different meanings depending on context. For example, “median” in Geometry is the 
line or line segment that joins a vertex to the midpoint of the opposite side. In statistics, median 
represents the middle value of a sorted list. Dense noun phrases such as “the volume of a 
rectangular prism with sides 8, 10, and 12 cm” can pose an issue because they 
often have pre-numerative phrases that name an abstract, but quantifiable, mathematical 
attribute of the head noun (e.g., the volume of, the length of), classifying adjectives that 
precede the noun (e.g., prime number; rectangular prism), and qualifiers that come after 
the noun (e.g., a number which can be divided by one and itself; prism with sides 8, 10, 
12 cm) …. (Schleppegrell, 2007, p. 143)  
Students must also confront complex strings of words that, in combination, have mathematical 
significance (e.g., greatest common denominator).  
Other words that may pose difficulties for ELL learners are synonyms such as add, plus, 
combine, and sum because each of these words are associated with one particular operation. 
According to Roberts (2013), at least thirteen different terms can mean subtraction (p. 30). 
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Multiplication can be indicated in many ways: “2 times 3,” “2 multiplied by 3,” and “the product 
of 2 and 3.” To add to the confusion, some words may have similar connotations but vastly 
different technical meanings, such as “3 multiplied by 10” vs. “3 increased by 10.” Homophones, 
or words that sound the same but spelled differently such as sum and some or whole and hole, 
may present challenges to students who rely on hearing and pronunciation to differentiate 
meanings. Although words that are similar to native language words may sometimes be helpful, 
similarities can also contribute to confusion. For example, the Spanish word for quarter is cuarto, 
which can mean “a quarter of an hour”; quarter could also mean a room in a house, as in the 
English usage “your living quarters” (Moschkovich, 2008, p. 557). 
   Meanings [are] also situated in time, in the situation, and with respect to artifacts; 
meanings may shift among participants and for an individual participant at different 
times, in different situations, and with respect to different artifacts. (Moschkovich, 2008, 
p. 557)  
Schleppegrell (2007) warns that just knowing mathematical words is not enough. “Students also 
need to learn the language patterns associated with these words and how they construct concepts 
in mathematics” (Schleppegrell, 2007, p. 143). 
Reading mathematics requires students to translate the written word and comprehend 
what those words mean. Both translation and comprehension are required in order for 
communication to occur. To demonstrate this relation, Miller (1993) gave students twenty 
common mathematics terms to define (e.g., sum, factor, difference, diameter, quotient, 
denominator). Teachers verified and agreed that students should know these terms. When only 
words were used to define the terms, the average number of terms that were appropriately 
defined was four. When symbols and diagrams were accepted, the average number of terms 
appropriately defined rose to eleven. This study implies that students build understanding as they 
process ideas through language. “If students lack the knowledge of important vocabulary, they 
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will not be able to talk about or read mathematics with understanding” (Thompson & Chappell, 
2007, p. 188). Mathematics vocabulary may be more difficult to learn than other academic 
vocabulary because definitions are filled with technical vocabulary, symbols, and diagrams. 
Overall, it can be said that mathematics, known for its precision, includes ambiguity, especially 
in terms of vocabulary.  
Syntactic Complexity: Grammar 
Syntax is the set of conventions for putting words and phrases together in sentences, also 
known as grammar. Zwiers (2014) points out that the longer the sentence length, the more 
individual words that are needed to decode and process in relation to all other words in the 
sentence. With condensed, complex messages, students must process more ideas per sentence, 
increasing their cognitive load (p. 41).  
   Mainstream speakers get to focus on fewer new terms and grammatical structures, 
while English learners, for example, need to filter through many more new words and 
terms, often not sure what is “new” for that day. (Zwiers, 2014, p. 51)  
This is troublesome because the SAT is a timed standardized test, putting ELL students of the 
same mathematical abilities, at a disadvantage. 
In terms of verb tense, students have been taught that words ending with “-ed” indicate an 
action done in the past. The phrase “if they solved for x,” appears to be in the past tense, but 
actually refers to something that has not happened. Speakers and writers use these modal verbs to 
“convey such nuances in meaning as intent, obligation, ability, probability, permission, 
possibility, and conditionality” (Zwiers, 2014, p. 34). Examples of modal verbs include would, 
can, will, shall, might, may, must, should, and ought to. ELLs often “have trouble sorting out the 
subtle shades of meaning conveyed by modal verbs and may deliver a stronger or weaker 
message than intended” (Coelho, 2004, as cited in Zwiers, 2014, p. 34).  
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The verb “is” was described by Moschkovich (1999) as having different relational 
processes: attributive and identifying. When “is” is used as an attribute, students construct 
information about membership in a class or part-whole relationship (e.g., A square is a 
quadrilateral). This process is non-reversible or non-commutative, meaning we cannot say “A 
quadrilateral is a square.” However, if the word “is” is used as an identifier, students construct 
relationships of identity and equality (e.g., A prime number is a number that can only be divided 
by one and itself). The identifying process is reversible (e.g., A number that can only be divided 
by one and itself is a prime number). This relation between “property of” versus “category” is 
how teachers interpret a child’s “does not have parallelogram” as “is not a parallelogram.” 
(Moschkovich, 1999, p. 15). Jones, Hopper, Franz, Knott, and Evitts (2008) state that learners 
benefit when equations are considered from a subject and verb approach.  
   The subject is the aspect of the mathematical equation a reader can understand and 
connect to past knowledge or work in mathematics, and the verb indicates the direction in 
which the reader must go to solve the problem successfully. (Jones et al., 2008, p. 310) 
At the most basic level, an English sentence has a subject and a verb. When instructing beginner 
ELLs, the simplest way to teach sentence structure to have them build on these basics. Once the 
subject-verb foundation is formed, it can be manipulated to incorporate objects, parts of speech, 
and other linguistic features. 
Another issue involving verbs is verbs in passive voice are harder to understand than the 
active voice. Many ELLs have no passive voice in their native tongue. As a result, these students 
may confuse the actor with the object of the action. “For example, a learner might think that the 
cells are doing the removing in the clause the cells were then removed from the slide” (Zwiers, 
2014, p. 39). Nominalization, or the turning of verbs and adjectives into nouns that then become 
the subject or object in a clause or phrase, also seem to trouble students, especially ELLs.  
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   Nominalization is one of the many ways in which academic language describes abstract 
processes, concepts, and relationships between ideas that are too complex or abstract to 
show with images or movement. (Zwiers, 2014, p. 40)  
As Shanahan (2011) describes it, nominalization is transforming “information from the everyday 
and specific to the abstract and general” (Shanahan, 2011, p. 398). An example of nominalization 
in mathematics would be changing the phrase “rotate the triangle in the plane” to “the rotation.”  
   A result of nominalization is that the human participants are removed from the 
statement, giving agency to mathematical objects and processes rather than to the people 
who are doing the mathematics. (Herbel-Eisenmann et al., 2013, p. 2) 
These linguistic features are often used in academic text to add nuance to sentences; 
unfortunately, these factors can make mathematics questions difficult to understand. 
Conjunctions, both subordinate and coordinate are important aspects of English. 
However, subordinate clauses are more difficult to understand than coordinate clauses. 
Coordinating conjunctions are easier to apply because they are used to join two independent 
clauses to form a more complex sentence (e.g., and, but, or, yet, so, nor, for). Each clause has a 
subject and verb and can stand alone. Subordinate clauses join dependent clauses to independent 
clauses. The dependent clause cannot stand on its own and relies on the main clause for meaning. 
Subordinate “conjunctions such as if, when, and therefore are used in precise ways, and 
constructions such as given and assume take on new roles” (Schleppegrell, 2007, pp. 144-145). 
In other words, subordinate clauses provide conditions and an excessive amount of conditions 
can overload a student’s thinking process. Time clauses (e.g., after, before, once, until), clauses 
of contrast (e.g., although, rather than, though, whereas), comparison (e.g., as, as if), condition 
(e.g., as long as, if only, unless, etc.), place (e.g., wherever, etc.), and cause and effect (e.g., 
because, now that) are a few examples that make up subordinate clauses. Prepositions, which are 
similar to conjunctions, usually describe position. Prepositions such as “to,” “around,” and “on” 
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specify a certain relationship in Geometry. Expressions like, “if” and “then” are difficult to 
express, and when you throw in “given that” or “prove,” students would need to associate the 
hypothesis with what was given and what they need to prove as their conclusion. When these 
words are thrown in altogether to create a word problem, we are challenging not only students’ 
mathematical prowess but also their understanding of the English language.  
Schleppegrell (2007) notes that O’Halloran uses the algebraic equation 𝑎𝑎2 + (𝑎𝑎 + 2)2 =
340 and its verbal counterpart, “The sum of the squares of two consecutive positive even 
integers is 340.” to show a series of processes (p. 145).  
   What the language encodes as one thing ... is represented in mathematical symbolism as 
a series of processes; squaring a, squaring a + 2, and adding those products together, and 
that this thing is then equated, using is, with 340. As we have seen, the grammatical 
patterning of mathematics often presents processes as if they were things by construing 
them as nouns and noun phrases. (p. 146)  
Operations like addition, subtraction, or multiplication are seen as processes but grammatical 
patterns construe them as things, making mathematics a very objectified discourse.  
Other Features of Academic Language in Mathematics 
One pedagogical method to help ease the transition from a student’s native language to 
the English language is to relate problems to something they know. However, the speaker or 
writer of academic messages, especially for standardized tests like the SAT-M, is often detached 
from the message. In other words, the writer of test items does not use feelings, opinions, or 
personal stories.  
   This detachment … is particularly challenging in upper elementary classrooms and 
intermediate levels of English language development, when students are transitioning 
from writing and speaking tasks that tend to emphasize personal accounts and 
connections to tasks that are more expository, more scientific, and less personalized. 
(Zwiers, 2014, p. 33)  
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In addition, comprehension of texts may be influenced by socio-cultural factors. According to 
Martiniello (2007), these include “familiarity with cultural subject matter, group differences in 
access to texts, and instruction” (p. 42). Most word problems are made to fit a particular skill or 
concept. Although teachers and textbook writers claim to make mathematics real, or to connect 
with students’ lives, they “often do not address the everyday experience of most students” 
(Schleppegrell, 2007, p. 152). For example, the following problem (See Figure 3) attempts to 
provide context and applicability but may unintentionally exclude students who have never used 
other forms of currency or traveled to another country.  
Figure 3 
Sample SAT-M Student Constructed Response Question 
 
Note. Question 26 of 30 calculator sample questions found on the College Board’s website. (The 
College Board, n.d. a).  
In the problem, we see terms like Traveler credit card and prepaid credit card, concepts that 
most students are unfamiliar with, creating a barrier to solving that may not just be language 
related but also culture-related and/or equity-related. Credit cards usually imply borrowing 
money while building credit. With a prepaid card, the user loads money and then uses it to make 
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purchases or withdraw money from an ATM. The juxtaposition of prepaid and credit may 
confuse students. In addition, the term traveler’s, by itself, shows possession for someone on a 
trip, but placed in front of the word credit card, means a different form of currency than credit 
card by itself. Students who have not traveled or used other forms of money may not know what 
a traveler’s credit card is. As a whole, questions like these will inadvertently cause students to 
slow down their reading or read multiple times for better comprehension because students would 
need to direct their cognitive resources to interpreting the question rather than devising a 
response.  
Symbols serve different functions in different cultures. For example, many Asian, South 
American, and European countries use the comma to express currency values, whereas 
Americans use a period. In some Latin American countries, a comma is used to separate the 
whole number from the fraction. In other words, 2,34 can be interpreted as 2.34 in the United 
States. In most English speaking and Arabic speaking countries, billion is represented by 1 and 
nine 0’s (i.e., 109). However, in Continental Europe, and most French-speaking, Spanish-
speaking, and Portuguese speaking countries, they use the long-method, where a billion is one 
million million or 1012. Therefore, “the number 23,500,000,000,000 is read by a student in the 
United States as ‘23 trillion, 500 billion’ and by a Latin American as ‘23 billion, 500 thousand 
million’” (Perkins & Flores, 2002, p. 347). Students who are accustomed to the metric system 
may find the system used in the United States confusing. Perkins and Flores (2002) point out that  
divisions in the metric system are based on powers of ten, but the English system does 
not have consistent subdivisions; for example, 12 inches is equal to 1 foot and 3 feet is 
equal to 1 yard. (p. 348)  
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When it comes to taking a standardized test like the SAT, these differences are added obstacles 
to students of a different language. Even though they are easy to correct, it does take students 
(and teachers) time to adapt.  
Another issue facing ELL students are figurative expressions, which are often employed 
to describe abstract concepts. Figurative language, as stated by Zwiers (2014), includes 
“metaphors, analogies, idioms, and other terms that use concrete and common ideas to describe 
abstract concepts and relationships. (p. 30). It is used to give English more color, more nuance, 
and is featured prominently in the Common Core Standards and the WIDA English Development 
Standards. Recognizing and understanding figurative language is essential to developing fluency 
in English. This can be a challenge for ELL students because they are still in the process of 
learning literal language. In the Illinois Reading Council Journal, Lems (2018) discusses the 
importance of introducing and practicing figurative words and phrases. She explains that “for 
many ELL students, the opportunity to embrace these words do not arise because of a narrowing 
curriculum due to time constraints” (p. 3). She also comments how figurative language does not 
fit into the mold of Cummins’ BICS and CALP paradigm.  
   It is easy enough to identify BICS language—describing things, answering information 
questions, taking part in friendly exchanges, etc. It is also easy to recognize CALP 
language in content-specific vocabulary … or in sentences that use multiple verb tenses 
or embedding. However, figurative language is harder to pin down because it can be 
found in both BICS and CALP contexts. (Lems, 2018, p. 4) 
When learning a new language in the classroom, emphasis is placed on learning the grammatical 
structure of the English language. Conversational language instruction is often overlooked and 
assumed to be acquired through students’ social lives.  
However, with mathematical text being highly complex, students must develop specific 
comprehension skills, especially when the meaning of a sentence or question is implied rather 
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than explicitly expressed. Martiniello (2007) best explains students’ struggle in the following 
quote:  
   Successful text comprehension requires that readers recognize and decode words 
quickly and effortlessly (reading fluency); interpret the appropriate meaning of each word 
given the context (vocabulary knowledge); understand the syntactic arrangement of 
words and phrases in the sentence (syntactic knowledge/sensitivity); and finally, extract 
and construct meaning of the string of words/sentences based on the semantic, contextual 
and structural relationships among them (discourse comprehension). (p. 42) 
In the case of a bilingual student, teachers and administrators have to take into account not only 
“the knowledge, or lack thereof, of the language of mathematics in both the dominant language 
and the weaker language but also the degree of transference between the languages” (Ron, 1999, 
p. 27). González (2016), who wrote a dissertation on the validity of state standardized test for 
ELLs, informs educators that students’ process of acquiring mathematical language can be 
slowed down due to internal or external influences. They are the result of emotional demands or 
anxiety to produce or perform in a second language and can impact their ability to learn (p. 36).  
English Language Learners at School 
The continued increase in the number of ELL students in the K-12 education system has 
pushed the topic of testing into the forefront of relevant topics for educators as well as 
individuals who set policy. In order to prepare students of different language abilities for a 
standardized test, we must consider their readiness which in some part depends on not only their 
level of English proficiency but also their course placement, the accommodations afforded to 
them, and teachers’ pedagogical practice. 
Course Placement and Accommodations 
School districts usually administer a test to determine student eligibility into certain 
academic courses. However,  
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not allowing students to test in their native language to determine course placement, 
particularly for mathematics, seems to ensure that students are consigned to low-level 
courses in which poor performance in mathematics is anticipated. (Walker, 2003, p. 16)  
This results in a sort of domino effect where students are offered a course with diluted content, 
the instruction is altered by providing few modifications, and ignoring or excluding students 
from class discussions and learning. Callahan (2005) mentions that covering less material and 
simplifying the content limits students’ exposure to the academic language needed to succeed. 
Placing students in low-track classes may contribute to the perception that English Learners are 
limited: “limited in language, knowledge, skills, and cultural competencies” (Callahan, 2005, p. 
312). Therefore, teachers, principals, and counselors would frequently place ELL students in 
low-track classes to compensate for their “perceived deficiency” (p. 310).  
   [ELLs] who negotiated entry into high-track classes become versed in complex 
discourse skills, while those who remained in low-track classes learned to repeat and 
respond at a very superficial level. (Callahan, 2005, p. 310)  
The learning environment for ELL students is usually substandard, limited to remedial course 
work meant to compensate for their limited language skills. This divergence of skills illustrates 
the impact of track placement.  
   [Educators] often focus on teaching English to the extent that entry into content-area 
academics is delayed until “enough” English has been acquired. As a result, English 
learners often find themselves on the periphery, physically and pedagogically outside of 
the richest academic discourse. (Callahan, 2005, p. 309)  
Past research has shown an underrepresentation of culturally and linguistically diverse students 
in higher-level math courses, and an over-representation of ethnic minorities in lower level 
mathematics courses (Terrell, 2012).  
Terrell (2012) discusses how “language modification and accommodations are typically 
left to the sole task of ELL specialists or bilingual teachers, rather than integrated throughout the 
mainstream educational experience” (p. 22). Teachers of mathematics often avoid the use of text 
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or word problems, telling students what they want them to know instead (Shanahan et al., 2011, 
p. 395). Their avoidance of mathematical literacy is at odds with what students need. As stated in 
the Principles and Standards for School Mathematics (NCTM, 2000), students must be able to  
organize and consolidate their mathematical thinking through communication; 
communicate their mathematical thinking coherently and clearly to peers, teachers, and 
others; analyze and evaluate the mathematical thinking and strategies of others; and use 
the language of mathematics to express mathematical ideas precisely. (p. 60)  
Students need to be exposed to mathematical discourse, especially in curricula that would help 
them prepare for college. To move one step closer to equitable education, school personnel 
should identify accommodations that would take “individual students’ English fluency level into 
consideration while meeting … mandated standardized testing obligations” (González, 2016, p. 
3). We can begin by restructuring school offerings, reflecting on our own expectations, and 
determining the appropriateness of tests and testing situations. We need to look at the validity of 
these tests and the role that language plays in the assessment of mathematical achievement. 
Finally, we must ask ourselves, “Are we really assessing students on their mathematical ability?” 
Pedagogical Practice 
ELLs can face barriers when school administrators remove them from ESL programs too 
early or too late, thereby limiting their access to the general curriculum.  
   The issues of how students who are deemed English learners and how they are judged 
to have learned sufficient English to be mainstreamed into regular school classes are 
intimately tied to the controversies surrounding language of instruction and the 
effectiveness of different approaches to instructing English learners. (Gándara & 
Hopkins, 2010, p. 1)  
These controversies are the result of the several challenges teachers of ELLs face. First and 
foremost is that students may have limited-to-no English skills and teachers may not be able to 
communicate effectively with them. Although mathematics has many numerical aspects, 
teaching it requires a considerable amount of communication. Second, many programs do not 
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equip teachers with the training needed to work with ELLs. Hoffert (2009) claims that “a chapter 
or a lesson may have been devoted to equity and diversity in the mathematics education class, 
but no concrete experiences or teaching methods were provided” (p. 133). Teachers must now 
reexamine traditional concepts of mathematics and their pedagogical roles.  
Leith, Rose, and King (2016) concluded that as teachers of ELL students, we must know 
how far along our students have progressed so that we can effectively address the potential gaps 
that exist between their language abilities and the linguistic demands of our classroom activities. 
Knowing how much English your students have acquired and how much mathematical 
knowledge they bring into the classroom can help bridge the achievement gap between ELL 
students and native speakers. Assessing what they already know will allow teachers to target 
areas where they need catching up as well as areas to build on (Leith et al., 2016, p. 673). 
Research by Cummins has shown that students need a high degree of proficiency in at least one 
language in order to make satisfactory progress at school. Barwell notes that Cummins suggests  
students with strength in two or more languages will outperform their peers, while those 
without a high degree of proficiency in any language will underachieve. … The link 
between low proficiency in all languages and mathematical underachievement … may 
explain some minority groups’ underperformance in mathematics. (Barwell, 2008, p. 2) 
Garrison and Mora (1999) agree with Cummins’ idea that “to teach an unknown concept, use the 
known language; to teach an unknown language, use a known concept” (p. 37). 
One major contender that hinders ELL success in mathematics is word problems, as word 
problems often discuss concepts that are not necessarily present or frequent in ELLs’ daily lives.  
   Most word problems are contrived by teachers or textbook writers to fit the particular 
calculation skills that are in focus. Although they purport to make mathematics real, or to 
connect with students’ actual lives, in fact, they often do not address the everyday 
experience of most students. (Schleppegrell, 2007, p. 152) 
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Ron (1999) cautions the reader that word problems “must be considered primarily as texts that 
have to be interpreted and secondarily as problems that have to be solved” (p. 30). Students need 
to understand the language in the word problems, interpret the mathematical relations involved 
so that they can understand what is being asked of them, and then find a way to identify the 
unknown quantity or solution. We have seen that repetition and choral responses are not as 
effective as other forms of transference. For students to really understand, we need to personalize 
the problems and make it their own. Discussions and explanations of ideas allow students to 
make mathematical meaning for themselves. ELLs find word problems less perplexing if they 
are able to relate them to their own experiences. In fact, most students, not just the English 
learners, do. Students need opportunities to discuss problems in order to make sense of them. 
When they construct understandings by building relationships and connections with prior 
knowledge, students tend to internalize the problem and make it their own. “They do not simply 
absorb what they are told without reflecting on it or relating it to prior beliefs and 
understandings” (Merseth, 1993, p. 552). They come to “see mathematics as a domain that not 
only makes sense, but as one that they can make sense of” (Schoenfeld, 2012, p. 319). 
In order to understand mathematics, Ron (1999) suggests that children need to experience 
mathematics. Exposing them to mathematized language allows for more accessibility to the 
language of mathematics and its respective concepts (p. 31). Many second language learners 
grew up with rote memorization as their basis of schooling and learning. These students may 
have little or no experience working in cooperative groups, let alone sharing and discussing how 
to solve problems. Therefore, when you place a student in an environment that they are 
unfamiliar with, you must give them time to adjust and adapt. Consider how they will discuss 
their solutions and share their ideas. Allow them to elaborate on their problem-solving processes 
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by having them write down their strategies. Writing about mathematics helps students articulate 
their thinking as well as reinforce their mathematical vocabulary and understanding. We need not 
nitpick each misuse of the English language and accept any small success. The main dilemma 
that we need to focus on then is the tension between teaching of “correct” language and the 
students’ understanding of mathematics. To what extent is correct mathematical English 
necessary to do mathematics and when should we intervene? 
By intervening, the teacher could shift the attention of the student from the problem they 
were struggling with to the language used to explain the problem at hand. Intervening would 
enable the student to give an explanation using more mathematical language, but the resulting 
explanation might not have been the explanation the student would have given for him or herself. 
On the one hand, intervention would have disempowered the student. On the other hand, 
intervention could empower students to develop their own thinking by offering a language for 
them to use.  
In “Reaching for a Common Ground in K-12 Mathematics Education,” Ball et al. (2005) 
describe the importance of language in mathematics education.  
   Mathematics requires careful reasoning about precisely defined objects and concepts. 
Mathematics is communicated by means of a powerful knowledge whose vocabulary 
must be learned. The ability to reason about and justify mathematical statements is 
fundamental, as is the ability to use terms and notation with appropriate degrees of 
precision. (p. 1056)  
In order to take on this task, teachers need to understand how verbalization of mathematical 
concepts affect the way students learn. We should have assessments match  
the language of instruction and include measures of content knowledge assessed through 
the medium of the language(s) in which the material was taught. Assessments should be 
flexible in modes (oral and written) and length of time for completing tasks. 
(Moschkovich, 2011, p. 19)  
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Last, but not least, we must remember that “all assessments administered in English are also 
measures of English proficiency” (Martiniello, 2007, p. 7). 
SAT-M and English Learner Supports 
In the following section, the structure and design of both the old SAT and the redesigned 
SAT, and the accommodations afforded to ELL students will be discussed. We will delve deeper 
in the categories being tested and discover what mathematics is considered important. We will 
end with what type of accommodations are given and who is eligible for those said 
accommodations. 
Structure and Design 
Prior to January 2016, students were given 54 items on the old SAT-M. They were 
divided into three sections with a total of 70 minutes. About 10 items were student-produced 
responses (SPR) and the rest were multiple choice (MC). Approximately 20-25% of the items 
were numbers and operations, 35-40% Algebra and functions, 25-30% Geometry and 
measurement, and 10-15% data analysis, statistics, and probability. Currently, about 80% of the 
questions in the new SAT-M are multiple choice and 20% are student-produced responses. The 
calculator portion contains 38 questions and students are allotted 55 minutes. The non-calculator 
section has 20 questions and students are given 25 minutes. Of the 58 questions, 45 of them are 
multiple choice and 13 of them are SPRs. Algebra I topics, labeled as “Heart of Algebra” by the 
College Board, contribute to 33% of the test. Problem solving and data analysis make up 29% of 
the exam, and 28% focuses on advanced mathematics. About six questions (or 10%) come from 
additional topics such as Geometry and Trigonometry.  
The newly designed SAT focuses on topics most likely to be encountered in college and 
future careers. These areas are Heart of Algebra, Problem Solving and Data Analysis, Passport to 
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Advanced Math, and other topics. Heart of Algebra involves solving linear equations, systems of 
linear equations, and connecting different representations of linear relationships. Problem 
Solving and Data Analysis includes proportions, ratios, percentages, statistical data, and 
reasoning with real-life situations grounded in science, social science, career scenarios, and other 
contexts. More complex equations and functions can be seen in Passport to Advanced Math, 
which involve material that would be needed to pursue a discipline in the STEM field. 
Additional topics include concepts from Geometry such as volume, area, surface area, coordinate 
geometry, properties of lines, angles, triangles, polygons, and circles. 
The last administration of the old SAT was in January of 2016. The College Board has 
stated that comparing SAT results between the class of 2016 and those of previous classes 
“cannot be made because the number of test administrations and the characteristics of the class 
cohort are different from those in the past” (The College Board, 2016). Similarly, the College 
Board changed its collection and reporting of race and ethnicity data categories to align with the 
U.S. Department of Education’s guidelines in the 2015-2016 school year.  
   As a result, valid inferences cannot be made by comparing the 2015-16 race and 
ethnicity distribution or participation estimates against estimates from prior years because 
the information was collected and reported based on different data rules. (The College 
Board, 2017) 
When comparing mean scores on the old SAT of students who graduated in 2016 to those 
who graduated in 2015, it was found that the class of 2016 scored slightly lower than students of 
the class of 2015. In fact, “the old SAT math mean score was 508 for the class of 2016, 
compared to 512 for the class of 2015” (The College Board, 2016). Even though the College 
Board has warned us about comparing between graduating classes, they failed to report scores 
between tests of the same graduating class. For example, there was no mention of students who 
took both the redesigned and the old SAT. However, they did conduct a survey and found that 
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students not only preferred the new test to the old but also supported the changes in the 
redesigned test. According to their report, “By a 7-to-1 margin, students said they preferred the 
format of the new SAT over that of the old SAT” (The College Board, 2016). 
A year following the revisions of the SAT, the annual performance report issued by the 
College Board revealed that scores have risen. Gewertz (2017) from Education Week cautions 
readers that  
[w]hat appear to be big scoring increases should be understood not as sudden jumps in 
achievement, but as reflections of the differences in the test and the score scale. Even 
though the numerical scale—200 to 800 for each section—is the same, a 425 on the new 
test measures a different level of achievement than a 425 on the old test. (para. 6) 
Concordance tables supplied by the College Board are given to college admission officers to 
understand how scores from the old SAT are related to the new. Many admissions officers are 
hesitant to trust these conversion tables and encourage schools to go test optional.  
College Board Accommodations 
A testing accommodation is deemed effective if it improves the test performance of ELL 
students without providing an unfair advantage over others. An accommodation’s primary role is 
to compensate for a student’s limited proficiency in the target language. Whether or not it is fair 
depends on providing the same accommodations to non-ELL students and seeing if there is any 
measurable improvement in their performance (González, 2016, p. 30). Before the SAT was 
redesigned, there were virtually no accommodations for ELLs. After the redesign, some 
accommodations were made in compliance with the revisions to the American Disability Act. 
According to the College Board (2020b) website, the type of accommodations given to ELLs are 
1) translated test directions (offered in 13 different languages), bilingual word to word glossaries 
(from a list approved by the College Board), and 3) 50% extended time. Accommodations are 
limited and are only offered during state-funded in-school SATs, which in some districts is once 
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per school year. If students were to register for a Saturday SAT on their own, which are offered 
throughout the year, these accommodations would not be available. It is to be noted that even 
though test directions are translated for ELL students, the reading of test content and responses 
are all in English. Eligibility for accommodations consist of students enrolled in a school in the 
U.S. or U.S. territories, be identified as an ELL by their state or by federal policy and use the 
same supports in class or for other assessments.  
On the College Board website, there was no indication as to why these particular 
accommodations were selected. One may surmise that further accommodations may be difficult 
and extremely challenging to enact due to the diversity and every-changing status of ELLs. 
Accommodations meant for beginners may provide an unfair advantage for those in the 
advanced stages of language acquisition. Accommodations intended for more fluent speakers 
might be too challenging for those at the entry-level stages. Additionally, translations of test 
items may not be appropriate because even within languages, there are dialects and nuances that 
students may not understand.  
In summary, students directing their cognitive resources to interpreting the question (e.g., 
sentence structure, phonological features) rather than devising a response may contribute to the 
mathematical achievement gap. This “cognitive resource allocation” and the effect of language 
load in testing is supported by evidence that the performance gap between ELL and other 
students narrows when language load is diminished. Moreover, second language acquisition and 
learning can be supported in the classroom setting, but the amount of time a student needs to 
acquire proficiency is not a one-size fits all. The developmental stages of language development 
do not allow them to perform at their highest level since “input precedes production” (González, 
2016, p. 35). With most of the current research on SAT-M being quantitative, it would be 
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interesting to see a qualitative aspect and delve deeper into the reasons behind the achievement 
gap. In this study, we will examine the specific problems posed for groups of varying language 
abilities responding to SAT-M test items and seek to understand the appropriateness of 
inferences about students’ mathematical knowledge based on their item scores. 
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Chapter III – Methodology  
This chapter describes the design of the research, a description of the targeted 
participants, the context of the study, the methods of data collection, the modes of data analysis, 
ethical considerations, and the limitations of the methodology.  
The redesigned SAT-M has been a highly contentious topic since its debut in 2016. Many 
articles have stated that (Bidwell, 2014; Hartocollis, 2016; Murphy, 2015) the problems on the 
SAT are now highly contextualized, potentially putting ELLs at a disadvantage. An exploration 
into student understanding of SAT-M questions can help educators and policymakers make 
appropriate accommodations and/or modifications to testing and instruction.  
The purpose of this study is to examine how students answer mathematics questions on 
the SAT, to detect any differences in design between the old and new SAT-M, to better 
understand students’ test-taking process, and to delve deeper into how the SAT-M may influence 
the way teachers teach students of different backgrounds. The research questions that guide this 
study are: 1) What patterns of differential performance are there between the new SAT-M and 
old SAT-M?; 2) Is there differential item performance between ELL and non-ELL students on 
the new and old SAT-M? If so, what are they and why? If not, are their cognitive processes the 
same?; and 3) What are teachers’ perceptions of the issues related to language that may be 
prevalent in the old and redesigned SAT-M? 
Research Design 
 To answer the research questions, a mixed methods approach was employed as both 
quantitative and qualitative data were collected for analysis. By mixing both datasets, we can 
better understand the problem than if either dataset had been used alone. The researcher 
expanded the study from a quantitative means into a more qualitative approach by utilizing 
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patterns found in the quantitative data as the basis for interviews. Descriptive statistics were 
computed on the preliminary data (i.e. students’ answer sheet and survey) to determine any 
statistically significant differences between the three groups (ELLs and students who exited the 
ESL program; bilingual students who did not use ESL services offered by the school; and native 
English speakers) regarding each test item as well as each test (old vs. redesigned). Since 
quantitative results may not show if the cognitive processes of one student may differ from 
another, the results from the statistical analysis were used to identify test items for the interview 
protocol. 
The think-aloud became the primary method of inquiry for the qualitative portion of this 
study. This method was used as a means for exploring differences and providing an opportunity 
to better understand different methods students use to solve problems. This stems from the 
notion that students who give the same solution to SAT-M problems do not necessarily use the 
same problem-solving processes. Think-alouds were employed to understand students’ 
preconceived notions and provide rich, verbal data about their reasoning during a problem-
solving task. Someren et al. (1994) suggest that a think-aloud “consists of a cycle of the 
following steps: analyzing the current problem, proposing a solution, implementing a solution, 
evaluating the solution,” similar to that of other problem-solving processes studied by 
psychologists or social scientists (p. 11). In particular, verbalizations can give a glimpse of 
participants’ experiences, data about their strategies, and showcases their overall structure to 
problem-solving. Are they using mathematical equations straightforwardly or using another 
strategy? Are they forming an estimation and reevaluating their answer? Think-alouds can 
provide data about cognitive processes that are difficult to obtain through other means, 
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supplementing data obtained from student answer sheets and preliminary surveys. Someren et al. 
(1994) suggest  
the think-aloud method can be used to investigate differences in problem solving abilities 
between people, differences in difficulty between tasks, effects of instruction and other 
factors that have an effect on problem-solving. (p. 9)  
Think-alouds have been used in a variety of studies where experts describe how they problem 
solve so well, and novices describe how the problem solve so poorly. It shows how participants 
reason during a specific problem-solving task and put information together when given a 
problem to solve (Fonteyn, Kuipers, & Grobe, 1993, p. 431). For this study, concurrent verbal 
reports were completed by students as they redid some of the SAT-M problems. Retrospective 
verbalization resulted from asking participants to recall what they were thinking or the strategies 
they used when they were confronted with similar questions in class.  
The chosen method also allows the investigator to become an active participant by 
identifying questions specific to the student being interviewed and permits probing questions to 
gauge understanding. The procurement of results was both relevant and meaningful to everyone 
involved. The researcher’s use of think-alouds stems from Thompson and Chappell’s (2007) idea 
that “when students discuss mathematical concepts aloud with others, they are more likely to 
demonstrate a deeper understanding of the concepts than when they simply solve a problem” (p. 
181).  
The survey and interview of teachers provided another perspective to the effect of 
language in standardized tests. The instruments used delved into their perceptions of ELL 
students, how they scaffold or modify their lessons to accommodate students of diverse 
backgrounds, how they prepare students for a test that could easily be described as the gateway 
to opportunities. 
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Participants and Setting 
The district chosen for the study is one of the largest comprehensive public-school 
districts in the suburbs of New Jersey. According to the 2014-2018 District Demographic 
Dashboard found on the National Center of Education Statistics, 24% of the district’s residents 
identify as Asian, 20% Hispanic or Latino, 11% African American, and 43% is White (National 
Center of Education Statistics, n.d.). (The Dashboard also reported 0% American Indian/Alaskan 
Native, 0% Hawaiian and Other Pacific Islander, 1% some other race alone, and 2% two or more 
races.) The district serves well over 13,000 students, of which about 35% receive free or reduced 
lunch (a factor determined by family income). Each high school’s student enrollment is above 
1300. The investigator obtained Institutional Review Board approval from Teachers College, 
Columbia University (see Appendix B) and permission from the superintendent of schools (see 
Appendix C), and consents from the principals of each of the three participating high schools 
(see Appendix D).  
To identify ELL students, the district utilized the WIDA CAN DO descriptors to sort 
students into one of six levels of English proficiency: Entering, Emerging, Developing, 
Expanding, Bridging, and Reaching. This study restricted the participants to students that were 
classified by the district as intermediate to advanced level of English proficiency, namely 
students who are in levels 3 through 6. An exclusion of beginners was necessary because they 
tend to communicate by pointing, gesturing, repeating phrases, drawing, sketching, and/or etc. In 
addition, beginners may not have had the appropriate amount of time to develop the 
communication skills in English required for a think-aloud. At the intermediate stage of language 
acquisition, students start to engage in simple discussions and can verbalize more of their 
understanding. Furthermore, high school seniors were not targeted as heavily as sophomores and 
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juniors were because data collection occurred in the Spring of 2020 and the seniors might not 
have been motivated to perform as well. Seniors were still encouraged to participate in the study 
as a way to prepare for college placement exams.  
Student participation in this study was voluntary and recruitment was by word of mouth, 
school announcements, and teacher recommendations. In one particular school, the researcher 
was able to attend a mathematics department meeting to meet teachers who taught Algebra II or 
higher classes. In a different school, the researcher attended the all-grade assembly at the start of 
the semester and was introduced to the sophomore and junior class. For all three high schools in 
the district, an effort was made to attend almost every Algebra II, Pre-Calculus, SAT-Math Prep 
and English ESL Level 3-4 classes to make introductions, recruit participants, and discuss goals 
for the study. Information from the schools’ ESL teachers and the head of the mathematics 
department also played an integral part in the vetting of both student and teacher participants. 
Once students were identified and willing to participate, consent and assent forms were given 
(see Appendices E-G for Parental Consent Forms and Appendices H-J for Student Assent 
Forms). Parental consent forms were sent to students’ homes in English, Spanish, or Gujarati to 
address language needs. The researcher presented and explained an assent form designed for 
people under the age of 18 and participating students signed the forms. Students were enrolled in 
the study after the researcher obtained both parental and student consent. The research study was 
advertised in the morning announcements and reminders were distributed through hall passes so 
students were reminded about the study. Consent forms were obtained from teachers who 
expressed an interest in the study (see Appendix K for Teacher Consent Forms).  
The sample consisted of 78 students and 9 teachers. Volunteers participated in the study 
in the 2020 Spring and Fall semesters. Participants who identified with Group 1 (currently in 
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ESL or exited the program) made up 21% of the sample (or 16 students). Twenty-eight percent 
of the sample (or 22 students) were from Group 2 and the remaining 51% (or 40 students) were 
native English speakers. There was a total of 31 sophomores and 47 upperclassmen (46 juniors 
and 1 senior). The average number of years learning English among the student sample was 14 
years. Seventy-seven students were administered the exams and survey in person, in their 
respective school’s cafeteria. One student was administered the exams and survey online.  
The setting was chosen for accessibility and convenience. In two of the schools, the 
researcher made reservations for the cafeteria to administer the two sections of SAT-M to 
students. Unfortunately, due to the COVID-19 pandemic, administration of the tests to the third 
high school was postponed. However, effort was made to reach students online since contact 
forms and consent forms were collected prior to the shutdown. Compensation in the form of a 
$10 Amazon.com gift card was given to ten randomly-selected students who completed the test, 
to all students who participated in both the test and interview, and to all teachers who 
participated in the study. Both student and teacher interviews were held via Zoom at a time 
convenient for both the researcher and the participant. 
Data Collection Instruments 
Students 
All 78 student participants were given a survey and two SAT-M sections, administered 
on the same day. Distribution of materials was handled by the researcher. After an initial 
screening, 15 students, chosen on the basis of their language proficiency, were asked to take part 
in an interview to review the results of their exams, expand on their answers from the survey, 
and to talk through the details, decisions, and reasoning behind their answers to select problems. 
63 
Survey. In order to create a more holistic context, an open-ended survey was given to 
each student to gather demographic information (see Appendix L). Drawing data from multiple 
sources would provide a more trustworthy interpretation of results and give context to the 
researcher. Questions that addressed students’ English proficiency classification, language 
background, grade level, math courses taken, grades, number of years in the ESL program, 
ethnicity, and experience with the SAT or Preliminary SAT (PSAT) were asked through this 
preliminary survey. These questions were revisited in greater detail during the interview. 
The SAT-M Tests. For this study, calculator sections were used from both the old and 
redesigned SAT. In other words, the 55-minute section will be taken from the redesigned SAT 
and a 25-minute section was selected from the old SAT. The 55-minute section is broken into 30 
multiple choice questions and eight student-response questions. About 29% of the section is from 
Heart of Algebra, 45% involve problem solving and data analysis, 18% of the questions relate to 
advanced mathematics and the rest from additional topics (The College Board, 2020b, p. 196). In 
the 25-minute old section, there were 18 questions, of which 8 were multiple choice and 10 were 
student-response questions. Content came from mathematical operations (20-24%), Algebra and 
functions (35-39%), Geometry (25-30%), Data Analysis, Statistics, and Probability (11-13%). 
The old SAT was taken from the 2013-2014 practice exam (see Appendix M). Even though there 
were three mathematics sections, only Section 6 was chosen for this study. Section 4 of College 
Board’s online Practice Test #10 was used for the redesigned SAT (see Appendix N). Questions 
were not altered or modified and permission was obtained from the College Board (see Appendix 
O for Permission from College Board).  
Think-Aloud Interview. Before interviews, a quick quantitative analysis of the test 
items was done to identify potential questions to ask student participants. Because of time 
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restrictions, the application of the think-aloud interview could only be applied to a small set of 
problems. At the start of each interview (see Appendix P for student interview protocol), students 
were asked about their background, their experiences in school and how they were coping during 
remote instruction in order to build rapport and trust. Small talk provided a suitable, comfortable 
environment to better elicit responses and understanding from students. Preliminary 
conversations delved into students’ anxiety and perspectives on language acquisition by probing 
into the history of the student and identifying any “sponsors” who may have helped to shape 
their habits and experiences in and out of school. After discussing the instructions, students were 
asked whether they had questions. When all questions were answered, the researcher then 
proceeded to watch the interviewees as they worked through selected problems. 
Since the publication of Ericsson and Simon’s book Protocol Analysis: Verbal Reports as 
Data in 1992, data derived from think-alouds have been increasingly used in psychology and 
other social sciences. They proposed that data driven by think-alouds draw on thoughts in the 
short-term memory of its subjects and believe that “the cognitive processes that generate 
verbalizations are a subset of the cognitive processes that generate behavior or action” (Ericsson 
& Simon, 1992, cited in Johnstone, Bottsford-Miller, & Thompson, 2006, p. 2). For this study, 
think-alouds were used to enhance data already collected and provide insight that was not 
evident through quantitative analysis.  
For the most part, selected problems for the think-aloud portion of the interview were 
problems students struggled on, which can be verified by the test item analysis done prior to the 
interviews. The problems came mostly from the middle to end of each section. We did not get to 
all of the questions the participants got wrong but the option to review them at a later point in 
time was offered. Items from the SAT-M tests were presented to students, who read the item text 
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aloud and explained whether they could a) understand the text in English; b) rephrase the text in 
English to demonstrate their understanding of its meaning; c) identify which aspects (if any) of 
the English text they could not understand; and d) figure out what the item was requiring them to 
do, even if they could not understand the text in its entirety (e.g., by making meaning of non-
linguistic forms of representations in the item such as equations, diagrams, and figures). 
Attention was paid to decoding errors (e.g., words students stumbled over, could not pronounce 
correctly, skipped, or paused at), strategies, coping mechanisms, and use of metacognition.  
With permission from the interviewees, all audio and shared screens were recorded via 
Zoom. Think-aloud interviews were conducted individually in either one or two sessions, which 
lasted between 45 to 60 minutes each. Students were asked to “think aloud” as they composed 
their answers. Their responses were audiotaped and later transcribed. All interviews were 
conducted in English and notes were written on top of students’ tests as the student wrote on top 
of their shared screen. The hard copies of the tests were not given back to the participants to 
view due to the stay-at-home order that took place during the pandemic. In some cases, students’ 
tests served as artifacts to help supplement their think-aloud by shedding light on what went on 
in their mind. It became a talking point when the interviewee could not recall what they did. The 
researcher made a point to let participants know that they may ask at any point during the 
interview what they wrote on their paper and whether they got a question correct or incorrect. 
Effort was made to obtain concurrent verbal reporting by reminding students to think aloud. 
Teachers 
 At the end of recruitment, eight mathematics teachers and one ESL instructor were 
enrolled in the study. Teachers had a range of experiences teaching ELLs, with some teaching 
only a few students to one exclusively teaching ELLs. To initiate recruitment, emails were sent 
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to respective department heads of each high school after obtaining permission from their 
principals. After collecting teacher consent forms, a folder containing hard copies of the survey 
and tests were placed in their mailboxes. Digital forms were shared to teachers who were 
working remotely.  
Survey. There were two main parts to the teacher survey (see Appendix Q for teacher 
survey). The first part was a “getting to know you” questionnaire. Questions inquired about the 
participants’ teaching background such as subjects taught, years of teaching experience, years in 
the district, languages they use in and/or out of the classroom, and their beliefs on language 
acquisition. Additionally, they were asked to voice their opinions on ELL placement, whether or 
not the SAT-M questions are indicative of what students know, and their belief in the fairness of 
the SAT. Finally, teachers were asked to describe the accommodations given to support the 
learning of ELL students.  
The second part of the survey required an analysis of the two SAT-M sections given to 
students. Teachers were tasked to answer which exam they thought students would do better on, 
worse on, or if they thought students would score the same. Afterwards, they were to identify 
questions from either test they thought would pose difficult for students in general or for students 
whose first language is not English and explain why. Lastly, teachers were charged with 
identifying questions that they thought everyone, regardless of language proficiency, should be 
able to answer. 
Interview. Semi-structured post interviews were conducted for teachers to expand on 
their answers from the two-part survey (see Appendix R for teacher interview protocol). For 
example, if teachers gave the explanation “wordy” for the reason why a student may or may not 
have gotten a question wrong, they were asked to expand. Was it a particular term, length of the 
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sentence, cultural reference, and/or etc. that contributed to student misunderstanding? The 
interview also provided an opportunity for teachers to reflect on their experiences, to discuss the 
role of standardized tests and its effect and provide a more detailed description of the type of 
accommodations or classroom structure used to support or scaffold learning. Interviews were 
held during a teacher’s professional period or after school at a time convenient to both the 
researcher and the teacher participant.  
Both student and teacher interviews were semi-structured because of the necessity for 
additional questioning that may emerge based on participants’ responses. This adoption of a 
more exploratory use of inquiry was required to examine participants’ views and methodologies. 
Transcripts from interviews were analyzed for common themes and major discrepancies. 
Data Analysis 
Quantitative Analyses 
In order to obtain a preliminary synopsis of the results, statistics were compiled using 
Google Sheets and later SPSS v.26. Tests were conducted to find any statistically significant 
differences between each test, any statistically significant differences in test items between each 
group, and to analyze test item difficulty. Students were grouped by their level of language 
proficiency. Test questions were filtered into either form A, which represented the new SAT-M, 
or form B, the old SAT-M. 
To find differences between Test A (new SAT-M) and Test B (old SAT-M), calculations 
of the means and a dependent t-test were performed. Since the redesigned test had 38 test items 
and the old SAT-M had 18 test items, comparing the mean score of each student between two 
tests using a dependent t-test was most appropriate. The independent variable was the test 
version and the dependent variable was students’ mean test scores. 
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Comparing the performance of 56 test items between three groups (i.e., ELLs or students 
who exited the ELL program; bilingual students who did not require services; and native English 
speakers) was conducted through 56 ANOVAs. In addition, two ANOVAs were conducted to 
compare score differences on the old SAT-M and redesigned SAT-M between the three groups. 
In the test item analysis, frequency tables were produced for each test item. Test items 
were arbitrarily labeled. The test item index number would inform the researcher of what 
questions to ask for the second part of the analysis (i.e. interview/think-aloud). 
The results from these statistical tests answered RQ #1 (What patterns of differential 
performance are there between the new SAT-M and old SAT-M?) and formed the basis of 
interviews to answer RQ #2 (Is there differential item performance between ELL and non-ELL 
students on the old and new SAT-M?). It should be emphasized that even though quantitative 
analysis was used, the intent and purpose of this research is to look beyond student scores and to 
take a more comprehensive, holistic approach through interviews and think-alouds. 
Qualitative Analyses 
To further expand on what was found statistically for RQ #1 and RQ #2 and to identify 
any differences in performance, data from surveys, interviews, and think-alouds were used. 
Interviews were recorded, transcribed, and analyzed for recurring themes to generate an overall 
interpretation of each group. The iterative process of rereading and deriving themes was 
completed solely by the researcher to maintain consistency and avoid variability between raters. 
Multiple coders are usually employed to ensure consistency in categorization but the need for 
“agreement across coders can come at the expense of interpretative insight” (Keene, 2021, para. 
6). It can be argued that multiple coders keep analyses superficial so that codes could be applied 
consistently. However, “decisions evolve iteratively over time as a researcher develops 
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increasing sensitivity… to their data” (para. 6). The process allowed the researcher to revise or 
assign codes to data during analysis.  
In the typed-out protocol, interruptions, utterances, hesitations, and even phrases that 
were unintelligible were marked to give a depiction of students’ problem-solving process. Off-
side remarks by subjects may be an indication of an impasse in their thought process. 
Recognizable pauses and silences were noted and action protocols such as what they wrote on 
top of their screen were inserted in the transcription to document any avoidance of unwarranted 
interpretation. Attempts at transcribing as literally as possible were made to avoid any 
misinterpretations. For example, if a student mispronounced a word, it was marked down. Both 
the thinking aloud protocol and action protocols were transcribed and finalized on Word 
documents, which were then saved on a personal computer along with its corresponding audio 
and screen recordings. Pseudonyms were given to students and teachers to better organize 
qualitative results and maintain anonymity. Names that started with the letter E were current 
students in ESL or former ELLs. Names that began with the letter B were from Group 2, which 
represented the bilingual students who were never received language services, and Group 3 were 
all given a name that started with the letter N, for native English speakers. Teachers were given 
names that started with the letter T. The names used do not reflect the national origin of the 
student or teacher. 
The data was subject to several cycles of interpretation. For the first round of analysis, or 
open coding, the researcher went line by line, created codes, and filtered important phrases, 
sentences, or moments, into them. This exploratory phase helped identify possible themes within 
each segmented group. Each theme consisted of several codes aggregated together to form a 
common idea. Several readings of the transcripts were done to categorize protocol fragments into 
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coded schemas which later were exported from the individual Word documents into a common 
document. As soon as similar nodes were identified, they were grouped together. Sub-nodes 
were also created, and details of each node were expanded.  
During the second round of analysis, or axial coding, the researcher tried to condense the 
number of initial codes. If a new code was needed, an existing code was either split or the 
description was changed. The researcher then reviewed how the change may affect the coding 
for the rest of the protocols. A thorough examination of the frequency and magnitude of the 
codes was conducted to see if there were any overlaps, which consequently helped develop the 
main themes for each group. After developing the coding categories, the researcher went through 
the data again and tried to recode each segment of the data in accordance to the identified 
themes. A return to earlier data allowed the researcher to recode, reduce, refine, and revalidate 
earlier coded material. In the final stage of inductive coding, selective coding was performed by 
looking for these themes in the researcher’s annotations, memos, transcriptions, and notes. To 
check and establish validity, multiple sources of data (e.g., interviews, surveys, SAT-M artifacts) 
were used to see if convergence of themes was accomplished within and throughout the groups. 
The researcher completed coding for Group 1 before embedding codes from Group 2 and Group 
3. The themes listed in the analysis are prevalent in most if not all groups. Teacher interviews 
were coded on its own at first but then later tied into themes found from Groups 1-3 to help 
bolster and support findings.  
Both psychological theories of problem-solving and task analyses were considered when 
coding for students. Psychological theories included, but were not limited to, the factors that 
influenced the problem-solving process and metacognition, or the awareness of one’s own 
thinking. Task analyses were derived from a students’ description of the best way to perform a 
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task and/or possible alternatives. Analyses of teacher surveys and interviews resulted from their 
preconceived notions about students of varying English language ability, the effect of curriculum 
differentiation and/or stratification, and the validity of standardized tests.  
Summary 
 The design of the SAT-M section (and any standardized test) should be accessible and 
understandable to a wide range of students. Questions should be inclusive, precisely defined, 
accessible, unbiased, amenable to accommodations, and have clear, simple instructions. When 
any of these factors are absent, the question then becomes a matter of whether it reinforces the 
racial achievement gap. With the mixed-methods research, potential questions that affected 
student performance could be identified. To understand and make predictions about the effect of 
questions on student processes, the design of the study tapped into the cognitive processes of 
students while they were working through test items. The purpose of this study is to detect 
possible issues within and between the old and redesigned versions and see if there are any 
differences between students of different language abilities. Lastly, the study will provide a lens 
through which teachers discuss the issues students may have when confronted with SAT-M 
questions, and how they further instruction to support language development. 
Limitations 
With any study, there are limitations to the methodology chosen. For instance, the results 
obtained from this study may not be generalized because the sample of participants does not 
adequately represent the current population of students, teachers, and schools in the United 
States. Qualitatively, Someren et al. (1994) warned that  
when asked for memories, explanations or motivations, people answer a question not 
from direct memory of the cognitive process but from an interpretation that can easily be 
influenced by expectations. (p. 31)  
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Questions and prompts from the investigator may also affect the process of problem solving.  
It has been shown that asking questions about a text helps people to understand and 
remember the meaning… Prompting introduces additional cues in working memory that 
may lead to retrieval of spurious information from long-term memory. (p. 32) 
Similarly, the problem-solving process may change as a consequence of knowing one is going to 
be asked questions afterwards. Consequently, students may give responses that are different than 
if they were working alone. One may also wonder whether the additional task of thinking aloud 
might interfere with students’ cognitive process. When students forget to think aloud and do a 
series of steps to solve a problem, the researcher may need to instruct the student to repeat and 
talk aloud or ask the student to confirm if they are performing a particular task. As a result, 
students would need to slow down to synchronize their process with verbalization. This could 
cause irritation and result in students acting differently. Finally, emotional and motivational 
factors may result in variable performance. 
Even with these potential obstacles, think-alouds provide rich data on how subjects of 
varying abilities adjust to different types of test items. The interview protocol was used to ensure 
that the same general areas of information were collected for each student interviewed. It 
provided focus and allowed a degree of freedom and adaptability. The researcher had ample time 
to ask questions and to delve deeper into any answer of particular interest. The study was 
designed to offer a more holistic approach to students’ conceptualization of SAT-M questions. 
Verbalizations provided insight into student understanding, skill level, the relevance of test items 
to students’ life experiences, and relevance to content taught in class.  
To reduce the effect of the limitations stated above, the interviewer first probed subjects 
as infrequently as possible because students can be easily distracted during problem-solving 
activities. Giving neutral cues such as “keep talking” or “go on” does not bias the data by adding 
73 
external ideas to the internal processes of students. A follow-up interview supplemented any 
unclear data derived from the think-alouds. To reduce emotional factors that may impact results 
and to establish rapport, the researcher engaged with the subjects in conversation prior to, 
between, and after assigning tasks. Finally, the researcher limited her personal bias by creating 
pre-set questions that were driven by the results of the quantitative analysis and were peer-
reviewed prior to implementation. Leading questions were rephrased or replaced.  
Trustworthiness and ethical considerations 
The researcher followed the general guidelines for research by first obtaining permission 
from subjects, their parents/guardians, and schools. Before administering tests and conducting 
interviews, the examiner addressed the terms of confidentiality, explained the purpose and 
format of the interview, indicated how long each stage of the research would take, and provided 
several touch points to check for understanding and confirmation. Students were assured that 
their participation will in no way affect their grades and that their identity would be protected. A 
point was made to indicate that they may withdraw from the study at any time. In addition to 
being informed of the nature and structure of the study, all participants were told that the data 
would be stored in a locked file cabinet or in a password-protected Google Drive and destroyed 
three years after the dissertation is completed.  
The credibility of this research study was established in a variety of ways. For example, 
SPSS results were compared to the results obtained from coding in Google Sheets. Peer 
debriefing was employed to uncover any personal biases and assumptions. Audio recordings 
allowed for repeated revisiting of data to check for emerging themes. Similarities or differences 
were sought across accounts to ensure that different perspectives were represented. Finally, 
participants were invited to view and/or comment on their transcripts, providing validation.   
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Chapter IV – Results  
Quantitative Analysis  
Of the 78 students who participated in the study, 40 were native English speakers, 22 
were bilingual students who did not use ESL services, 14 were students who exited the program, 
and 2 were actively enrolled in the ESL program. The 15 students who completed the interview 
and think-aloud spoke a variety of non-English languages: Spanish, Gujarati, Arabic, Yoruba, 
Tamil, and Igbo (see Table 1).  
Table 1 
Language Distribution among interviewees4 
Student Group Native Language Years learning English 
Eduardo 1 Spanish 3 
Eesha 1 Gujarati 2 
Elizabeth 1 Arabic 3.5 
Emilia 1 Spanish 6 
Eshma5 1 Arabic 12 
Eva 1 Spanish 6 
Bethany 2 Spanish n/a 
Bhudevi 2 Tamil 14 
Binita 2 Yoruba 15 
Bobby 2 Igbo 16 
Nadia 3 English only 16 
Neema 3 English only 16 
Nicole 3 English only 15 
Nikita 3 English only 14 
Nolan 3 English only 16 
                                                            
4 The naming convention for interviewees is as followed: E for ELLs, B for bilingual students, 
and N for native English speakers.  
5 It is worthy to note that Eshma was in ESL when she was in elementary school. She has since 
tested out of ESL. Since she was given academic support, she was placed in Group 1. 
75 
Comparisons Between Two Tests 
The redesigned SAT had 38 items and the older SAT-M had 18. Since each version of the 
test had a different scale, the sums of scores could not be compared. To examine differences 
between the means of two tests: the redesigned SAT-M section (𝑀𝑀 =  0.6231, 𝑆𝑆𝑆𝑆 =  0.192) 
and the older SAT-M section (𝑀𝑀 =  0.5235, 𝑆𝑆𝑆𝑆 =  0.196), a dependent t-test was performed. 
Prior to conducting the analysis, the assumption of normally distributed difference scores was 
examined. The assumption was considered met, as the skew and kurtosis levels were less than 
the maximum allowable values for a test (skew < |2.0| and kurtosis < |9.0|). It is also noted that 
the paired samples correlation between the two tests was estimated at 𝑟𝑟 =  0.816,𝑝𝑝 < 0.001, 
suggesting that the dependent t-test is appropriate. To test the hypothesis that students would 
perform differently on both tests, a calculation of the difference between the measurements for 
each person was made. According to the result, a significant difference was found between two 
tests, 𝑡𝑡(77) = 7.478,𝑝𝑝 ≤ 05. Specifically, the students have shown significantly stronger test 
performance on the redesigned SAT-M than that on the old SAT-M.  
Comparisons Between Three Groups of Students 
To determine if there were any item differences between the three groups, 56 ANOVA 
tests were performed, one for each test item. Two additional ANOVAs were conducted to 
examine if there were test differences between the three groups. There was only one statistically 
significant difference in test items between the three groups. Considering ANOVAs were 
performed many times, this significant result may be attributed to chance. Thus, the results 
showed that there were no group differences on the redesigned SAT-M, F(2, 75) = 0.157, p = 
.855, nor on the old SAT-M, F(2, 75) = 0.403, p = .670. This indicates that the three groups 
showed similar performance on either test. Even though the performance is the same, we cannot 
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conclusively say that language does not affect performance. There are several parameters that 
could have influenced results. For example, Abedi and Lord’s (2001) study on NAEP 
mathematics questions suggest  
unfamiliar or infrequent vocabulary and passive voice constructions may affect 
comprehension for certain groups of students and that average and low-achieving 
students may be at a relatively greater disadvantage in answering mathematics items with 
complex language. (p. 232) 
It would be wise to continue looking for interactions among linguistic, socioeconomic, and other 
background variables to enlighten us on the growing issue of the role of language in content area 
assessments like the SAT-M. 
Item Difficulties 
The researcher was able to identify questions for the second part of the study by 
calculating difficulty indexes for the tests (see Figures 4-5 and Tables 2-3). In the new SAT-M, 
questions 35 and 36 had a difficulty index of 0.18. In other words, approximately 18% of the 
student sample correctly answered these problems. The easiest question for the new SAT-M was 
question 6, a MC question, where around 95% of students answered correctly. For the old SAT-
M, approximately 96% answered question 1 correctly and only 10% answered question 17 
correctly. Data shows that problems towards the end of the MC and SPR sections were the most 
difficult. In the new SAT, the last three MC and last four SPR questions had a difficulty index 
less than 0.5. Similarly, the last three MC and last five SPR questions in the old SAT-M had a 
difficulty index less than 0.5. Less than 50% of the sample correctly answered these questions. 
Since there were no group differences among the test items in Test A and in Test B, 
questions with a low difficulty item index were selected for the interview and think-aloud to see 
general patterns among different groups’ cognitive processes.  
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Figure 4 
Overview of Test Item Analyses by Group for the New SAT-M 
 
 
From the line chart, we see that all groups performed similarly on the new SAT. However, it 
should be noted that there are disparities in ranges between groups 1 and 3 for Question 11, 19, 
and 20. In each of these test items, the difference in item difficulty level between ELLs and 
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Figure 5 
Overview of Test Item Analysis by Group for the Old SAT-M 
 
With the bar chart, which shows item difficulty of old SAT-M items between all three groups, it 
is clear that student performance dropped for the latter end of the MC and SPR sections. 
Differences in range for item difficulty between Group 1 and Group 3 were not as prevalent as 
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Table 2 
Test Item Analysis by Group for the New SAT-M 
 
Test Item Group 1 Group 2 Group 3 All Groups 
1 0.94 0.91 0.93 0.92 
2 0.81 0.91 0.95 0.91 
3 0.81 0.73 0.88 0.82 
4 0.69 0.77 0.75 0.74 
5 0.94 0.73 0.95 0.88 
6 0.88 1.00 0.98 0.96 
7 0.81 0.82 0.88 0.85 
8 0.81 0.82 0.83 0.82 
9 0.75 0.68 0.83 0.77 
10 0.63 0.77 0.85 0.78 
11 0.44 0.59 0.80 0.67 
12 0.69 0.59 0.60 0.62 
13 0.75 0.82 0.78 0.78 
14 0.31 0.45 0.60 0.50 
15 0.69 0.64 0.63 0.64 
16 0.56 0.77 0.58 0.63 
17 0.50 0.59 0.58 0.56 
18 0.44 0.45 0.50 0.47 
19 0.81 0.59 0.45 0.56 
20 0.31 0.50 0.65 0.54 
21 0.50 0.77 0.75 0.71 
22 0.75 0.73 0.60 0.67 
23 0.56 0.55 0.50 0.53 
24 0.56 0.82 0.68 0.69 
25 0.50 0.50 0.53 0.51 
26 0.81 0.77 0.63 0.71 
27 0.63 0.50 0.53 0.54 
28 0.38 0.45 0.50 0.46 
29 0.25 0.50 0.43 0.41 
30 0.50 0.32 0.38 0.38 
31 0.88 0.73 0.73 0.76 
32 0.88 0.77 0.73 0.77 
33 0.63 0.64 0.65 0.64 
34 0.69 0.36 0.55 0.53 
35 0.13 0.27 0.15 0.18 
36 0.06 0.23 0.20 0.18 
37 0.31 0.32 0.40 0.36 
38 0.19 0.18 0.20 0.19 
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Table 3 
Test Item Analysis by Group for the Old SAT-M 
 
Test Item Group 1 Group 2 Group 3 All Groups 
1 1.00 0.91 0.98 0.96 
2 0.88 0.77 0.85 0.83 
3 0.69 0.64 0.75 0.71 
4 0.75 0.77 0.83 0.79 
5 0.75 0.59 0.53 0.59 
6 0.25 0.32 0.35 0.32 
7 0.38 0.32 0.38 0.36 
8 0.44 0.41 0.30 0.36 
9 0.94 0.82 0.85 0.86 
10 0.75 0.73 0.63 0.68 
11 0.81 0.68 0.63 0.68 
12 0.63 0.59 0.63 0.62 
13 0.69 0.68 0.75 0.72 
14 0.44 0.32 0.25 0.31 
15 0.25 0.09 0.25 0.21 
16 0.13 0.05 0.18 0.13 
17 0.19 0.05 0.10 0.10 
18 0.06 0.23 0.25 0.21 
Qualitative Analysis – Students 
Students’ think-alouds and interviews showed that mathematics language plays an 
important role in students’ ability to appropriately understand and solve problems. Literacy 
demands were issues for all students, whether they were emergent bilinguals or native English 
speakers. Other factors that inhibited student understanding were found. Several themes arose 
while analyzing transcripts but the more prevalent ones are 1) vocabulary inhibiting student 
understanding, 2) contextual misunderstanding, 3) graphical misinterpretation, 4) mechanical 
application or rote learning 5) mathematical flexibility or rigidity, 6) nontraditional methods to 
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answering multiple choice questions, 7) situations where students were able to answer correctly 
during a think-aloud but not during the day of the test, 8) students’ use of metacognitive 
strategies, 9) students’ use of defense mechanisms or rationalizations, and 10) students’ view on 
the effectiveness of certain educational systems.  
Theme 1: Vocabulary Inhibits Understanding 
Many students were unable to solve problems or had difficulty finding the answer due to 
unfamiliar vocabulary.  
   Students’ difficulties in reasoning may, in some part, be due to their lack of familiarity 
with the linguistic properties of the language through which the reasoning is expected to 
be presented, rather than to the inherent difficulty of the cognitive processes involved’. 
That is, the words and their organization may be a more significant issue in learning than 
the actual content of skills. (Schleppegrell, 2004, as cited in Zwiers, 2007, p. 11)  
Some vocabulary terms that led to student miscomprehension and/or hesitation included 
estimation, margin of error, plausible, mean, average, standard deviation, constants, product, 
integers, altitude, median, compensation, and femur. 
Math Terminology. When asked to identify confusing terms, the phrase standard 
deviation was the most unfamiliar among students in Group 1. Each part of the phrase, standard 
and deviation, confused students. Many of them have never seen the word deviation, let alone 
together in a phrase. Some may have seen the word standard but in a different context. 
However, some ELL or former ELL students were able to work around this confusion by 
focusing on the words they did know. For example, in one of the test items (see Figure 6), 
students are presented with two lists of numbers and asked which comparative descriptions of the 
mean and standard deviation is accurate. Some students who did not know what standard 
deviation meant, were still able to answer the question because they knew what means meant and 
knew they were the same. We see evidence of this with Eshma:  
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So, I would pick A only because I think the means are the same, if I remember the mean 
properly...and I have no idea what the standard deviations are. So, I’m just guessing it’s 
different because list A and list B are just not the same.  
 
Figure 6 
Question 11 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
Eesha on the other hand questioned whether they meant to use “divide by” instead of 
“standard deviation.” When she was told that standard deviation is how spread out data points 
are from the center, Eesha went on to suggest using a different term.  
There you go. I mean to say they can write data. So, it will be easy for them, for us. So, 
there you go. I can just solve it.  
The use of the term data indicates that she does not have the vocabulary to express her 
understanding. However, she was able to calculate the mean correctly and infer from the lists 
that the standard deviations were different, the same tactic used by Eshma. With a little push 
from the teacher, Eesha was able to illustrate her understanding of spread by showing there were 
no repeats in List A but there were two 3’s and two 4’s in List B.  
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The term standard deviation seems to be a consistently-problematic term that also 
troubled students in the other groups. Bethany and Binita from Group 2 were at a standstill after 
calculating the means of the two lists. Since this mathematical term stumped students in all three 
groups, language may not be the only factor at play. Many of the students in lower level 
mathematics courses may not have seen the term standard deviation, and students in higher level 
mathematics classes stated that their teachers struggled to finish the curriculum in time and were 
lucky if they got to the Statistics/Probability chapters at the end of the course.  
In some cases, the knowledge of one term enabled some students to answer the question 
without knowing the other. If asked to calculate the standard deviations or compare the standard 
deviations between the two lists, results may have been different. However, if the student knew 
neither mean or standard deviation, the problem posed an issue because all answer choices used 
both terms. Elizabeth illustrated this.  
I know what “mean” is… but they’re saying their means are the same. What do they 
mean by that? What “means”?  
Her response indicated that she did not really understand the term mean. When asked what 
average is and how it is calculated, her response showed that she knew the sum was involved, 
but she could not reach full understanding without scaffolding. In another instance, a student 
mixed up the terms mean and median. When describing her thought process, Eshma noted,  
I was thinking you know how like you have to like cross the numbers off. So, has to be 
the one in the middle.  
When mean was replaced with the more colloquial term average, she recalled the steps.  
Some of the bilingual students from Group 2, particularly those enrolled in a low-track 
Algebra II class, also had difficulty with the terms median, mode, and arithmetic mean. Some 
even stated they hadn’t gotten to those terms in class yet. Others could not connect definitions to 
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corresponding terms. For example, Bethany confused mode for mean, by indicating that the most 
frequent number is the mean. When asked how she would find averages of two test scores, she 
could not recall the procedure; yet, she knew that number frequency plays a role in data analysis. 
As seen from the above examples, knowing one word equipped some students with 
enough context to answer the question. What about the opposite? There were instances where not 
knowing one word hindered students’ advancement. In a problem that depicted a straight angle 
split into three yº angles and one x° angle, students were asked “If x and y are integers, which of 
the following is a possible value of x?” (see Figure 7). 
Figure 7 
Question 5 of the Old SAT-M 
 
Note. (The College Board, 2013). 
Elizabeth directed the researcher’s attention to the word integer and asked what it meant. 
She was able to recall that a straight angle had 180 degrees but was hesitant to set up an equation 
involving the two unknowns. Out of the list of possible choices, all could work if there were no 
limitations to x and y. Without knowing the definition of integers, Elizabeth could not continue 
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because the word integer does not shed light on other concepts or constructs. The word itself is 
found only in mathematics, forcing students to work from the answer choices to arrive at a final 
solution. Unfortunately, this student, rather than relying on mathematics, chose to rely on her 
visual approximation of the x angle, even though the problem warned students that the figure was 
not drawn to scale. Similarly, Nikita from Group 3 had set up an equation relating x and y but 
could not go further because  
it didn’t give me like…it didn’t tell me that anything’s a right angle or didn’t um…I 
probably forgot what integers were.  
Nikita acknowledged that the angles summed to 180 degrees but a variety of combinations for x 
and y could make the equation 180 = 𝑥𝑥 + 3𝑦𝑦 true and she was searching for a more definitive 
clue, like a right angle, to solve for one variable at a time.  
The term constant appears in at least three questions used during think-alouds and in 
every group, at least one student struggled with the term. In mathematics, constant has two roles. 
As a function, it could be represented by a variable that does not depend on the main variables. It 
is usually arbitrary, similar to the general function 𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑥𝑥 + 𝑐𝑐, where a, b, and c are constants 
or parameters. Combined with x and y variables, students began to have trouble differentiating 
between the two types. A constant could also be a number whose value is fixed with respect to 
some other value(s) as seen in problem 10 of the old exam: If 𝑦𝑦 = ℎ/𝑥𝑥, where h is a constant, 
and if 𝑦𝑦 = 3 when 𝑥𝑥 = 4, what does y equal when 𝑥𝑥 = 6. Nikita, a native English speaker, 
“knew that constants had to stay the same but did not realize they had actual values.” 
Other Terminology. Some ELL students understood certain concepts but focused on 
words that steered them in the wrong direction. To illustrate, Eshma was so caught up with the 
word femur that much of the cognitive load needed to solve the problem was misdirected. We 
saw this also with Elizabeth as she read aloud the following problem:  
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Three colonies of insects were each treated with a different pest...ticide, I think… this 
word [underlines the word “pesticide”] over an 8 week period to test the effectiveness of 
the three...same… I don’t understand this word means.  
She continued to struggle reading, focusing on the irrelevant word pesticide and audibly 
replacing it with the word same to indicate it was repeating. Even though she was able to define 
pesticide through context clues, she could have used that time and effort to solve other problems. 
Elizabeth fell prey to this again in a question about two people’s compensation (see 
Figure 8). Rather than creating equations with the pertinent information, she zeroed in on the 
word compensation. Eesha did went even further by trying to define “compensation” as “to sell” 
or “to add more.” She even got hung up on the phrase “disregard the dollar sign,” which were 
just directions on how to grid her answers and essentially had nothing to do with the actual 
problem itself. 
Figure 8 
Question 17 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
There were a few instances where students from Group 2 (bilinguals without ESL 
services) stumbled on the non-mathematical word peregrine in the problem involving the speed 
of a falcon. Nevertheless, they were able to overcome this faltering of words because they 
realized that the specificity of the falcon was insignificant to the solving of the problem. 
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Mathematical Terms with Unrelated, Everyday Meanings. Vocabulary is a major 
predictor of comprehension and when a student does not know a term, it can be quite 
detrimental. Some words used in mathematics have unique and specific meanings. In other 
words, there are terms in English that “may already be present in a student’s vocabulary but may 
not encompass the math concepts associated with the words” (Dunston & Tyminski, 2013, p. 
40). For instance, Eesha was asked to give an example of a product. She replied,  
I’m just thinking about it. Product. Product. Product. Product. I guess manufacturing? Or 
else it will be like product. We have five products… like five things.  
She began listing quotients of numbers divided by five rather than determining the probability of 
having a product that was divisible by 5, treating the quotients as objects or “things” and putting 
them down as answers (see Figure 9). Her response revealed that she was unfamiliar with the test 
format since grid-in questions have only four spaces for students to fill in. 
Figure 9 
Question 16 of the Old SAT-M 
 
Note. (The College Board, 2013). 
Theme 2: Contextual Misunderstanding 
Putting it all Together. As students read through selected questions, they were asked to 
identify any phrases or terminology they did not understand. There were instances where 
students understood each individual word but could not understand the meaning when all the 
words were placed together. Elizabeth exemplified this when she stated,  
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I know what sample is, but I didn’t know what it means in the sentence … in the 
question.  
On another occasion, she mentioned,  
I didn’t know estimate and margin of error. Sometimes I understand but together it 
doesn’t make sense. 
Does Elizabeth really in fact know the meaning of sample, estimate, and margin of error? From 
our interaction, it seemed that Elizabeth may have heard these words in passing but failed to 
absorb them into her repertoire of academic language. We see this on problem 14 (see Figures 10 
and 11) when Elizabeth read aloud, 
Of the following, which is the closest to the ratio of the total number of insects in all 
three colonies in week 8 to the total number of insects at the time of initial treatment. Uh. 
I don’t understand the question. Actually, I understand the words but … how question ... 
how it worded.  
The interviewer could only deduce that Elizabeth did not comprehend the phrase “at the time of 
initial treatment” because the student asked if she should compare to week 6. Delving a bit 
deeper, the researcher asked what ratio is and the student replied incorrectly and immediately 
questioned if her answer was correct. To further show her misunderstanding of the term ratio, 
she listed the answer choices and asked what those numbers meant. It was only until a concrete 
explanation was given that she understood ratios are a quantitative representation comparing two 
amounts and can be depicted as fractions, decimals, and other forms.  
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Figure 10 
Information for Questions 13 and 14 of the New SAT-M 
 
Note. (The College Board, n.d. c).  
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Figure 11 
Question 14 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
Similarly, Bethany from Group 2, revealed that she forgot how to write ratios. When asked, she 
also could not define the term or give an example. However, when the researcher broke the 
problem into bite-sized pieces, Bethany’s answer implied that she had a rudimentary 
understanding of ratios.  
Student Interpretation. Another difficulty students may have is becoming entangled by 
the multiple elements of a problem, emphasizing certain aspects of a problem but not being able 
to identify the salient parts of the situation. Using the same bar chart as above, Bethany had 




Question 13 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
She focused on the term decreased and overlooked the term every. However, using her line of 
reasoning that the colonies decreased at some point, she was correct in her interpretation. The 
problem had to be rephrased to underscore what the College Board wanted: “we’re looking for 
the bar that is always getting smaller and smaller as the weeks go by.” In the same problem, 
Nadia did not know whether to start from Week 0 or Week 2 because she was confused by the 
phrase “after the initial treatment.” Nadia was doubtful about considering Week 0 as part of 
“after the initial treatment.” There was no Week 1 in the bar graph, but the researcher predicts 
that Nadia would have chosen Week 1, if given the option.  
In another example of student misinterpretation, Elizabeth misconstrued a question which 
required students to express an equation y in terms of x, given four pairs of values. At first, she 
eliminated choice D because she interpreted the phrase “y in terms of x” as an equation where x 
is solved for, rather than y, and D was “y=7.5x”.  
92 
Emilia had a situation that resembled Elizabeth’s misunderstanding. 
I don’t get it when it says, “What is the radius, in inches, of the base of the cone” So ... 
like [what are we solving for?] the base of the cone? The radius?  
The student did not realize that the radius was part of the cone’s base. She treated it as two 
separate entities. Schleppegrell (2007) warned that dense noun phrases like “radius of the base of 
a cone” could cause blunders because it has a “pre-numerative phrase[] that names an abstract, 
but quantifiable, mathematical attribute of the head noun” (i.e., the radius of), “classifying 
adjectives that precede the noun” (i.e., right circular cone), and “qualifiers that come after the 
noun” (i.e., cone with a specific height) (p. 143).  
In the researcher’s experience, many students, not just English learners, have trouble with 
this linguistic feature. We see this with Bhudevi, a bilingual student from Group 2, who could 
not recall what a right circular cone was. Instead, she drew a right triangle in 2-dimensions. 
Then, she attempted to make it into a 3-dimensional shape, which to the researcher looked like 
half of a cone. She knew that the right angle played a pivotal role but assumed that it was one of 
the sides instead of the height drawn from the tip of the cone down at a right angle to the base. At 
the time of the interview, she was currently on trigonometry in her Precalculus course. It could 
be implied that she was more familiar with the right triangle and forgot the general shape of a 
“right circular cone.” It could also be attributed to language, where each individual word in the 
phrase “right circular cone” meant something different and she tried to make a composite 
drawing of what she knew was a right triangle and a cone.  
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In the following problem (see Figure 13), each group had issues with how to progress.  
Figure 13 
Question 6 of the Old SAT-M 
 
Note. (The College Board, 2013). 
This question required students to test out all three options, indirectly determining the extremes 
of the average. If students tested out numbers, they would have needed non-integer values for 
two of the three choices. This question was extremely difficult because students had to arrange a 
list of numbers with a restricted mean, median, and mode, and two of the seven numbers were 
missing. Their “guess and check” method was time-consuming and most of them ended up either 
skipping or guessing this question. Students from the ELL group had to have a firm 
understanding of median and mode before attempting the Roman numeral choices for mean. 
Even students from Group 2 and 3 had difficulty with this problem because each selection had to 
be tested to see if it was plausible. The problem did not involve calculating a mean from a set list 
but rather asked if a mean was possible. If the student already knew how to find the mean of a set 
list, they would then need to avoid any pitfalls that came with a list where two of the numbers are 
unknown. For example, Binita was able set up the seven numbers with x and y as placeholders 
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for the two missing values. However, when she calculated the mean, she disregarded the missing 
values and took the quotient of 34 (i.e., the sum of the known numbers) and 7.  
In a different question, students were asked to find the probability of answering yes 
without answering no (see Figure 14).  
Figure 14 
Question 18 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
Eduardo’s reaction could be described as confused laughter after reading this question, as 
he identified the use of double negatives.  
I have to figure out their probability that tablet user answers “always” given the tablet ... 
what? Oh! Okay. I get it. So, what’s the probability the tablet user answered ‘always’ 
given that he didn’t answer never? So, it’s like saying when did he answered “Yes” 
without answering “No” which makes no sense and makes sense at the same time 
because if you answered yes, you can’t say no.  
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The double negatives left a bad impression with many ELL students. Many of the ELL students 
also had difficulty differentiating between percent difference and probability. Eshma asks,  
So, I just have to find the percent, I guess, difference between “never” and “always”? 
Wait, not the percent difference ... like the percent ... what’s the probability that a tablet 
user answered “always” given that the tablet user did not answer “never.”  
Percent change represents the relative difference between an old and new value and can be 
calculated by taking the positive difference and dividing it by the original. The resulting fraction 
is then expressed as a percentage. Probability is usually understood as the chance or likelihood 
for an event to happen and is formally represented by a number between 0 and 1. Even though 
both involve taking quotients, there are slight differences with how the answer is presented. 
Bilinguals from Group 2 also had trouble differentiating always from those who did not 
answer never. In response to the tablet question, Bhudevi focused on the word always and 
ignored “but did not answer never.” She looked at the chart and identified that “always” was 
30.9%; but in her eagerness to match a number from the chart to an answer choice, she hastily 
chose A. Shortly after, she questioned her answer because that technique seemed too easy. Based 
on the order of this test item and knowing that she was getting to the more difficult multiple-
choice questions, she reevaluated her answer. She was reminded that she had to create a 
probability. When asked what she would place on the bottom of the fraction, she responded,  
Is it “rarely” plus “often”? or is it wait … would it be 24.3 plus 13.5 because it has to be 
someone that didn’t answer “never”? 
She excluded the people who answered “always” in her denominator because she already had 
“always” in the numerator.  
Eshma made the same mistake of excluding “always” but then switched her answer to 
Choice A because it was the closest number to the number given for “always” in the chart.  
96 
It’s already kind of giving you the probability for “always.” Wouldn’t it be A because it’s 
30.9, which is just going to end up being 31?  
This was different from Bhudevi’s reaction because Bhudevi realized that her methodology was 
too simple for a question that lies in the middle of the test. If the test items went in order of 
difficulty, the process would require more than just reading from a chart. Eshma did not jump to 
that conclusion and felt confident about her switch. She needed assistance identifying the part 
from the whole in order to answer this question correctly. In the end, she was able to determine 
both the numerator and denominator separately but was unable to put them together as a ratio 
and then translate it into a decimal to compare with the answer choices. 
In this particular problem, students found managing different forms of numbers and 
conversion difficult. Students were given percentages but asked to create a ratio and pick an 
answer in decimal form. Not only do students have to be fluid in transferring between multiple 
representations but they must also navigate through the language, such as identifying two 
quantities that make up the probability. Even native English speakers like Nicole had questions.  
What’s the probability the tablet user answers “always” … Well, if they didn’t answer 
“never” and they did answer “always,” would you include the “always” with the “rarely” 
and the “often”? Cause like with probability, it’s … it would be like how many people 
answered “always” over like the given like total.  
Nadia, another member from Group 3, made the incorrect conclusion that “always” 
meant “not never” because the terms in English are directly opposite. In her eyes, placing a “not” 
in front of “never” was equivalent to “always.”  
I don’t know. I feel like … given that they didn’t answer “never” is not helpful. So, just B 
because obviously they didn’t answer “never.” They said “always.”  
It is interesting to note that almost every interviewed student who answered this problem 
correctly (or who eventually corrected themselves), summed the percentages of the people who 
answered “always,” “rarely,” and “often.” Only one student, Nikita, translated people who didn’t 
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answer “never” as 100 minus 31.3, showcasing her understanding that the sum of the probability 
of all possible outcomes was one. 
Another problem that posed an issue for students was finding a two-digit number with 
certain criteria: “When n is divided by 10, the remainder is 9, and when n is divided by 9, the 
remainder is 8. What is the value of n?” (The College Board, 2013). Eva, who was in the ESL 
program for a year before exiting, initially confused remainder with quotient and described 
remainder using the phrase “equal to.” When asked specifically what it mean to be a remainder 
of 9, she was able to describe that there was 9 left over. Likewise, Eshma substituted 
“remainder” with “remaining.”  
When n is divided by 10, the remaining is 9. And when n is divided by nine, the 
remaining is 8. What is the value of n? So, it’s a two-digit number. So, let’s say it’s like 
90 ... be divided by 10, you get 9.  
Similarly, members in Group 2 had issue with the term remainder. For instance, Bobby stated,  
[W]hen I thought “remainder,” I just thought like the number that they get is nine ... and 
I’m plugging in numbers and none of them are working. But when you meant remainder, 
they just meant like the decimal placements, right?  
Likewise, Nikita from Group 3 thought the 9 had to be the result. Nicole noted that 99 divided by 
10 is 9.9 and therefore has a remainder of 9. However, it was unclear whether she knew that the 
0.9 and the remainder of nine was purely coincidental. For example, the division of 9 and 2 
should result in 4.5 but the remainder is 1.  
 We also see how students transfer their contextual misunderstandings into graphs. In one 
problem where students had to pick the best graph that would describe the amount of popcorn 
left. The phrase “eating more” should be translated to a decrease in the amount of popcorn. 
However, Eshma interpreted more as increasing and chose a graph where the slope of the line 
was rising.  
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Questions that involve more logic than mathematics like the last multiple choice of the 
old SAT-M was, in the researcher’s opinion, a bit more difficult to explain. In the problem, a 
table was provided to show the number of consecutive nights that each of five families stayed at 
a certain hotel during a 14-night period (see Figure 15). The question creates a scenario where 
two families’ stay did not overlap and asks which of the following nights could be a night on 
which only one of the five families stayed at the hotel. 
Figure 15 
Question 8 of the Old SAT-M 
 
 
Note. (The College Board, 2013). 
Some students were stuck on positioning the two families that did not overlap (Liu and 
Benton’s families). After removing Liu and Benton, there were three other families that stayed 
10, 5, and 8 consecutive nights. Focus should be on the family that stayed the longest (Jackson’s 
family) and rearranging their stay along the 14-night period because the other two families could 
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be incorporated into the 10 nights. On Nicole’s paper, she had 6 tick marks and then 8 tick marks 
drawn to represent the 14-night period. While describing how to arrange Jackson’s family, her 
process was correct, but she was overly concerned about how many families could overlap.  
Let’s say they stay like the last 10 nights … or they could be in the middle. How many … 
how many people can stay at the hotel? We just keep everybody on like the right side so 
that like on the first eight days, the Benton family would be the only ones in the hotel. 
Like … how many people can overlap at a time? 
The term overlap may be the cause of her confusion. The situation calls for families to overlap in 
such a way so that they are all stacked together but it also does not want an overlap of one 
particular family, namely either Liu or Benton depending on the arrangement. The specifics of 
which family is staying by themselves is irrelevant. 
Theme 3: Graphical Misunderstanding or Interpreting Figures Incorrectly 
Unfamiliar terminology or representation are not the only cognitive demands that fall 
under math literacy; data, visuals, and graphs fall under this umbrella too. Reading mathematics 
requires unique skills and knowledge not encountered in other content areas. Decoding math 
texts involves not only words but numeric and nonnumeric symbols too. The vocabulary used is 
both technical and specialized. Students must translate between word symbols, number symbols, 
graphs, and tables. Moreover, they need to determine the main idea, see relationships, decipher 
words, make inferences, draw conclusions, analyze critically, and follow directions (Burns et al., 
2002). If any of these steps are skipped, the student will likely misinterpret the graph or diagram. 
We saw this with Elizabeth, when she compared two lines that represented Ian and Jeremy’s total 
amounts of money deposited based on their intersection point rather than on each person’s rate of 
increase (see Figure 16). Elizabeth appeared to conceptualize more as when one line is above 
another in the graph. She was able to identify along the line who had more money before and 
after the point of intersection but could not connect Ian and Jeremy’s rate of deposit to slope.  
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Figure 16 
Question 8 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
When we switched over to a Geometry problem involving angles, Elizabeth ignored the 
phrase “Figure not drawn to scale” and approximated angle x.  
I think this one is … x is a … this is 45 … and this like a… it looks like …  a little bit … 
if it was like this … the whole line (traces the segment shared between x and y) …  is 
gonna be 45. But it is not … 40. Not a 30 … The closest thing is 40. I don’t want to do 
35. It looks more. 
In another problem, Elizabeth was tasked to add up all the columns in Week 8 and 
compare it with all the columns in Week 0 (refer to Figures 10 and 11). Instead, she eyeballed it. 
Eesha also misinterpreted the same graph. She considered each column as weeks rather than as 
three colonies being represented for Weeks 0, 2, 4, 6, and 8. She kept mentioning 
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[Y]ou can go 5, 6, 7 ... 7 weeks like 2 to 4 ... I’m comparing the number of insects. They 
want, they have number of in ... insects closest, like, which is the closest to the ratio of 
the total number of insects.  
When asked to clarify her answer of 2 to 5, she indicated she was looking at the bars from week 
2 to week 5, while pointing at the edge of Colony C in Week 4. However, the bar graph used 
even numbers and did not list a week 5. When shown that Colonies A, B, and C had their own 
color scheme and that she needed to add the gray, the dotted, and the black bars for week 8, 
Eesha sounded surprised. Upon correcting the mistake, she again misinterpreted the chart. She 
indicated with her mouse that she was using the lowest bar, Colony B, as a reference point to 
compare the other bars in week 8. In other words, Colony C was 5 times as big as Colony B and 
Colony A was twice as large as Colony B. The problem called for finding estimates of the 
number of insects in all three colonies in Week 8 and comparing that with the sum of insects in 
all three colonies in Week 0. Eesha could not manage all the demands required of this complex 
problem, even though she knew component facts and procedures. After calculating the sum for 
the numerator, she was overwhelmed and could not recall what her next step should be.  
Some students were worried whether their estimate would be accurate. When Eva looked 
at the same bar graph to determine the number of insects for each colony, she stated  
I mean...they don’t like...when I read it, it feels like I have to have like an exact number 
to get like...to get the ratio but it’s a little hard to get the exact number.  
It can be inferred from her response that she was not used to approximating and that most of the 
numbers she has dealt with were precise and whole. In addition, she had trouble comparing a 
ratio with larger integers in its numerator and denominator with a ratio of single digits. 
Previously, problem 5 of the old exam (refer to Figure 7) was mentioned because a 
student had trouble defining the term integer and thus could not find a value for x. The same 
problem appears again but for an entirely different reason. Bobby, from Group 2, assumed that 
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the values for x and y were equal because the diagram of the straight angle had the lines crossing. 
If he continued this process, he would have discovered that 𝑥𝑥 + 3𝑦𝑦 = 180 would be translated 
into 4𝑦𝑦 = 180, making 𝑦𝑦 =  𝑥𝑥 =  45. However, 45 was in the answer choices. The researcher 
pointed out the phrase “figure not drawn to scale” and warned that students should not 
approximate or guess at what x is with their eyes. Keeping that in mind, Bobby could only 
assume that 3𝑦𝑦 + 𝑥𝑥 =  180. He concluded that the answer would be divisible by three because  
if I plug in 30 for x, then I get 150 left. If you plug in any of the [numbers that ended with 
a 5], it’s not going to be divisible by 3. So, 55 and 35 don’t work. Then, you plug in 40, 
you get 140 left and that’s not divisible by 3 and then plug in 50, you get a 130 left and 
that’s not divisible by 3.  
Binita also tested each of the answer choices and determined that all worked for x. When she 
substituted for x, she was able to find its corresponding y value. She knew she could only have 
one answer so something was wrong, and she could not figure out why. In her haste to solve the 
problem, she skipped over the restriction placed on x and y, namely that they had to be integers. 
After realizing her mistake, she was able to narrow down her choices. 
Theme 4: Mechanical Application 
Shanmugam and Lan (2013) stated that in order for successful mathematical learning to 
take place, students would need to “read and comprehend the language of the mathematical word 
problem and rewrite it to the abstract language of Mathematics denoted by relations and 
symbols” (p. 30). The think-alouds and interviews suggest that students a) interpreted questions 
correctly, found a solution, and understood why, b) answered correctly but did not understand 
why, c) understood parts of the process but needed teacher scaffolding, or d) did not comprehend 
the question nor had a legitimate procedure to tackle the problem.  
Had it Right and Understood Why. To see if responses were the same between groups, 
the interviewer asked if Binita could explain her process for Question 10 of the redesigned SAT 
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(see Figure 17), in which a researcher estimated that 23% of the students in the population saw a 
movie at least once per month and that the margin of error for the estimation was 4%.  
Figure 17 
Question 10 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
Binita was able to eliminate Choices A and D because Choices C and D contained the numbers 
19 and 27 (from adding and subtracting 4 from 23). She was able to differentiate between C and 
D by indicating that Choice C was about how confident the researcher at this university was and 
part D was about an estimate. The student revealed that she has never used the phrase margin of 
error in her mathematics classes but was able to determine the answer through context clues. She 
was able to weave through the problem without hesitation and did not have any indication of 
doubt. Her use of language to express her thinking process was concise and thorough. Binita was 
able to do this again with Problem 14 from the old exam. She stated that she knew the range of 
numbers was from 10 to 99 and then began to list 29, 39, 49, 59, 69, 79, 89, and 99 on her 
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screen. She began with 29 and divided it by 9, getting 2 as a remainder. Then, she tried 39, which 
is closest to the multiple 36, resulting in a remainder of 3. After calculating the remainder for 
when 49 is divided by 9, she identified a pattern and came to a conclusion about n.  
In one of the most correctly answered questions, students were able to relate flat fees to 
horizontal rates of change and additional costs as a rise in slope (see Figure 18). Nicole described 
her process as  
It’s a flat fee of $5. So, they’re at least gonna be charged $5. So, for all of these, y-
intercept is five but then once you hit 100 text messages…  and so after 100 text 
messages, it’s going to be 25 more cents. So, it’s going … so, the … charge is going to 
go up. So, it’s not B and it’s not D…and then…so we have A and C left and it charges 25 
cents after you hit 100 text messages. So, I think it’s A cause it goes up…it increases 
after you hit 100.  




Question 2 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
To assume that questions answered incorrectly came mostly from Group 1 would be 
highly erroneous. In a problem where only 18% of the sample population answered correctly, 
Eva was able to connect the idea of equations with infinitely many solutions as having equal 
value on both sides (see Figure 19). 
Alright. I’m ... so in order to have infinitely many solutions, they have to equal the same 
... like in both sides. So ... just looking at it ... from just looking at it, I will get a is 4. And 
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then I will divide 10 because this side has to be 10. So, 10 by 4. That makes 2.5. So, b 
will be 2.5.  
Here, Eva was unassisted and not hindered by the need to have whole number answers.  
Figure 19 
Question 35 of the New SAT-M 
 
Note: (The College Board, n.d. c). 
Had it Right but Did Not Understand Why. During the interview, Eesha chose the 
correct answer when comparing Jeremy and Ian’s deposits (see Figure 16). She explained,  
So Ian has $800 and Jeremy has 650 dollars. So, Ian has $50 more than Jeremy. I know 
like he used to have 750, right? Ian. That it can be 50. But for deposit, it just ... they say 
deposit each week than Jeremy. It doesn’t say about uh ... savings account.  
She was able to differentiate between the term deposit and what remained in the savings account 
but her decision to look at the end of the graph (i.e., what was in the savings account in Week 7), 
gave the impression that she did not understand slope or rate of change. 
In a different incident, Nolan was able to correctly answer problem 12 of the new SAT-M 
(see Figure 20) but his explanation did not match his result. The problem involved a book that 
was on sale for 40% off its original price. The sale price of the book was $18, and students were 
asked to find the original price of the book. Nolan explained  
So, I know it’s like not A or B. So … I take 40% of 18 and just added it to 18, I think. So, 
it would be 30. It’d be C.  
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He had the right idea but did not calculate correctly; the sum of 40% of $18 and $18, is $25.20.  
Figure 20 
Question 12 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
In the case of students having problems correct but did not understand why, it seems that 
they have had prior experience with similar questions (see Figure 21) and thus their responses 
are a result of rote memorization. Having previously worked with right triangles and missing 
angles, Eduardo was able to leap to the conclusion that the problem most likely contained special 
right triangles. He couldn’t recall how to verify whether they were 30-60-90 or 45-45-90 but 
with an educated guess, he was able to determine the unknown angle was 60°. 
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Figure 21 
Question 30 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
Almost Correct but Needed Scaffolding. Observations of students attempting a task 
allowed the researcher to make an informal assessment of where students were struggling. If 
students were not proactively answering questions or were indecisive about how to start and/or 
what answer to choose, the researcher would try to scaffold their understanding with hints and 
suggestions. As a result, students were able to overcome their hesitation and withdrawal to 
proactively answer the question(s). This is different from Theme 2 where their answers were 
dependent on their understanding of the problem. 
Much like Eduardo from the last problem, Nadia was able to draw a line down from point 
B to side AD (refer to Figure 21). She knew that Choice D was absurd because the requested 
angle had to be more than 90º. She labeled segment AB as 1 and side CD as ½ but then tried to 
use the Pythagorean Theorem. The Pythagorean Theorem is usually used when two sides are 
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given to determine an unknown side. Knowing the missing side would not have advanced her 
into finding the missing angle. Consequently, she suggested using cosine since she was given an 
adjacent side and a hypotenuse, indicating that “cosine minus one times half” would be her 
answer. Even though she was not precise with her mathematical terms, the researcher understood 
that she was trying to find the arccosine of ½ or cos−1 �1
2
�. 
Function notation seemed to be an underlying problem for students in lower mathematics 
classes. Nikita, who was currently in an Algebra II class, was given ℎ(𝑥𝑥) = 2𝑥𝑥 and was tasked to 
find ℎ(5) − ℎ(2). She understood that function notation involved substituting values or 
expressions, but she was unfamiliar about operations between functions. Nikita made ℎ(5) −
ℎ(2) equivalent to ℎ(3) when she should have treated the operation as two separate substitution 
problems. 
Students who answered correctly but needed support, recognized that they had to perform 
some sort of operation. However, they couldn’t remember which operation to use and/or did not 
understand why. They recalled familiar aspects of the problem and immediately followed it with 
what they perceived would be the next step. For instance, many students would try to factor out 
whole numbers and ignore the coefficient of x inside the parentheses in the problem 𝑎𝑎(𝑥𝑥 + 𝑏𝑏) =
4𝑥𝑥 + 10. Many of their answers involved pulling out a 2 and creating “2 times the quantity 2x 
plus 5.” Students knew that factoring was an essential step in solving the problem but was too 
ingrained in factoring out nice, whole numbers that the idea of factoring out rational numbers 
that were not integers seemed to be a foreign concept. Nikita explains,  
I just only did 2 because you know 4 can’t go straight into 10. I would have still put 2 
because I’m just used to like taking just the highest one, not like trying to get rid of x by 
itself. 
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Despite knowing how to factor, she relied on rote memorization of skills to factor out the 
greatest common factor rather than the coefficient in front of the variable x. 
In the problem involving Tom and Alison’s weekly compensation and salary (refer to 
Figure 8), we saw Elizabeth assuming that the 20% was in reference to the base salary rather 
than what they earned as commission. We saw her struggling to determine which number she 
should be taking 20% of.  
Ok. So, do you want … 20 from the 300 … and this is what the ... wait ... 300 is Tom’s 
sales earned or sales? Like ... he ... 300 dollars weekly and plus 20% of the 300, right?  
Eshma made the same mistake as well. With the same question, Elizabeth stated,  
I know that both [Tom and Alison] have the same amount of sales but I don’t know how 
many that sold … Can I do this? 200 equals .25x … like that?  
After not getting a confirmation from the interviewer, she immediately tried to create an equation 
using the numbers that were provided in the word problem. She seemed to be grasping at 
whatever equations she could make and verifying it with the interviewer. We saw evidence of 
this again when she wrote “200 + .25x = 0” on her screen. The student was relying on rote 
memorization and repetition of setting equations equal to zero. Later in the conversation, the 
teacher asked how much each person got paid and Elizabeth replied 500 and 400. She did not 
refer back to the equations she set up nor did she see that the problem stated Tom and Alison had 
the same sales and the same compensation.  
Unfortunately, Elizabeth and Eshma were not alone. Each group had students who made 
the mistake of using the $2000 (sales) as their answer, rather than plugging it back in, to answer 
the question about how much Tom and Allison were compensated. We also see students like 
Nikita, who made two separate equations, one for Tom and one for Alison, but used different 
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variables for their sales. Nikita did not realize that compensations being the same meant that their 
equations had to be set equal to each other.  
 Many of the students seemed to struggle with Problem 14 from the new SAT-M. It was 
the second part of a two-part question and referred back to a bar graph of three colonies that 
spanned 8 weeks (refer to Figures 10 and 11). It asked students to identify the “closest ratio of 
the total number of insects in all three colonies in week 8 to the total number of insects at the 
time of initial treatment.” (The College Board, n.d. c). The y axis represented the number of 
insects and is divided in increments of 20. The x axis showed the number of weeks after initial 
treatment and went by every two weeks. To solve the problem, students would need to identify 
the number of insects for Colony A, B, and C in Week 8 and Week 0 (i.e., the time of initial 
treatment). Emilia created three ratios (80:19, 68:10, and 58:50) rather than one ratio comparing 
the sum of all the colonies in week 8 to the sum of all the colonies in week 0. The researcher 
asked what she was going to do with those numbers.  
Researcher:  That’s three ratios.  
Student:  Yeah. 
Research:  What are you going to do with these numbers? 
Student:  Wouldn’t I like simplify them?  
Researcher:  But you have three different answers.  
Student:  Then, I don’t know. 
 
She easily gave up until the teacher asked her to reread the question. She eventually added the 
numbers for Week 0 and for Week 8 and gave the ratio 206 to 79, switching the order of the 
requested ratio. The problem asked for a ratio that compared week 8 to week 0 but Emilia gave 
the ratio of week 0 to week 8. The researcher surmises that the student is used to reading bar 
charts from left to right and calculated the numbers based on the order of the bars. Emilia is not 
alone in making this mistake. Several students in all three groups (Binita and Bhudevi from 
Group 2 and Nikita from Group 3) fell prey to swapping the numerator and denominator.  
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After correcting her ratio to 70 to 206, Emilia again came to a halt because she did not 
know how to compare her answer to the answer choices. The answer choices all had single-digit 
numbers (2 to 5; 1 to 4; 3 to 5; and 1 to 2). Bhudevi, too, calculated weeks 2, 4, 6, and 8 
separately but then backtracked because she realized that she needed to compare only two 
numbers. On her test, Bhudevi had calculated 203 to 78 but was unable to choose the correct 
option because the ratios were all single digits. The different forms of representation (i.e., 
fractions and ratios) seemed to be a stumbling block for both students and required the researcher 
to step in. This was different for Eva who chose to divide 204 by 79 and got 2.5. Eva then 
proceeded to choose the answer 2 to 5 because her ratio was equivalent to 2.5. Her ratio and her 
decimal approximation had the same order of digits but the ratio 2 to 5 is not equivalent to the 
decimal 2.5. Coincidentally, the answer to this question was 2 to 5. Therefore, Eva was able to 
earn credit for this particular problem but had underlying misconceptions and misinterpretation. 
Nikita, much like Emilia, created three separate ratios (80:17, 65:10, and 55:50). She 
discussed her next step.  
Nikita:  Um so then I’m gonna try dividing them, the ratio like 80 by 17.  
Researcher:  So, I noticed you created three different ratios.  
Nikita:  Yeah, do you think … oh well, you can’t answer that. Never mind. 
Research:  No, no, I could. What’s your question? 
Nikita:  I was gonna say like, do you think I should have made only one and 
maybe like added them all together?  
 
Comparing the sum of 80, 65, and 55 to 17, 10, and 50 allowed Nikita to remove Choice D as a 
viable option  
[I]t’s not half, you know. And I can’t really reduce it … That isn’t really close to, like I 
said, the one half, and then the one-fourth.  
Nikita was able to compare her ratio to the more familiar ½ and ¼ but had trouble comparing her 
ratio with the other options. The researcher suggested putting the ratio 77/200 into her calculator 
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and comparing her result with the decimal versions of the answer choices; this allowed her to 
select Choice A.  
With Bethany, a bilingual student form Group 2, the researcher had to break this question 
into short goals. She was asked “what should be on top of the fraction?” Her answer of “the total 
number of insects” implied that even though she read the question out loud, she did not 
internalize what she was reading. Fortunately, Bethany was able to identify the denominator or 
the total number of insects at the time of initial treatment as Week 0 without assistance. The 
researcher surmised that the length of the question, the way the graph was represented, and how 
the answer choices were all an approximation, impacted the way students answered.  
In a Geometry problem involving a right circular cone, Emilia, a student who exited the 
ESL program, was able to recall that the formula she needed was in the front of the section. She 
wrote down 𝑉𝑉 = 1
3
𝜋𝜋𝑟𝑟2ℎ on her screen and substituted in the given information: ℎ = 2. However, 
she was hesitant on what to do next. She clearly knew that she had to use the formula but seemed 
to wait for the instructor to tell her the next move. After waiting a bit, she proceeded to divide 
one side by 2 but divided the other side by 2 twice because there were two terms on the other 
side. From her screenwriting, we can see that her arithmetic errors stem from a mathematical 
misconception rather than from language.  
For a different Geometry problem, Bobby, another bilingual student from Group 2, 
thought that to find the area of an irregular shape, one would need to split the shape into pieces 
of known area, and take the average, to determine the area of the overall figure. This was not so 
much a language issue or a knowledge issue but rather a recall issue. He understood that he had 
to add the areas of both rectangles to get the composite area but began with the wrong formula. 
When the researcher did not give immediate feedback, Bobby followed his response up with the 
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correct approach. Due to the researcher’s hesitation, the student reevaluated his response and was 
able to find the area.  
The effect of language literacy and basic mathematics competence can be seen with 
Emilia in problem 16 of the redesigned SAT-M (see Figure 22).  
Figure 22 
Question 16 of the New SAT-M 
 
Note. (The College Board, n.d. c) 
The problem states that from 2010 to 2015, the population of City X increased by 20% and the 
population of City Y decreased by 10%. When processing the question, Emilia correctly wrote 
120,000 times 0.2 but then paused and asked if that was for the entire 5 years. Emilia questioned 
whether to multiply 0.2 five different times because the population was from 2010 to 2015 or to 
do it once for the five years. After clearing up her confusion, Emilia took 10% away from 
144,000 rather than setting the 144,000 equal to the population of City Y in 2015. She instead 
did repetitive percentages on City X. When her calculations did not work out, she eventually 
plugged in the answer choices and worked backwards to see which came out as 144,000. 
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 In the same problem, Eshma made several distinct errors. Her first mistake was not 
adding the 20% of 120,000 to the original population. She had to be reminded that the population 
of City X increased by 20% and that her answer of 24,000 was much too small. Eshma’s second 
mistake, which she repeats several times, involved taking 10% of whatever number was 
available. At first, she took 10% of the 24,000. Then, she took 10% of the starting population for 
City X. From the think-aloud, it was evident that Eshma could not recall basic procedures, had 
difficulty sequencing multiple steps, did not know which relevant information went with which 
city, and could not manage all the components of the problem. In addition, she took percentages 
of numbers in a mechanical way and did not reflect on whether she should end up with a higher 
number or start with a lower number for the population of each city.  
Native speakers also had trouble determining the power of the exponential function. 
Neema reasoned,  
120,000 was the original population and it’s going to be … It would be an exponential 
because … um … it’s … oh wait. Um. Oh yeah. Okay. It’s asking it says that in 2015 
they were equal. So, I put the five because it represents the five years in between 2010. 
Even though Nikita asked whether “2010 to 2015” meant that the population increase each year 
by 20% or by 20% over the course of one five-year period, she was still able to eliminate 
Choices A and B through logical reasoning. Nikita took a surprising turn when she asked,  
If this would be like what is in 2015, then I’d have to … if from 2010 to 2015, the 
population of Y decrease. If I go backwards, it had to increase, right? So, from 2015 to 
2010, the population city Y would increase 10%.  
The researcher reminded Nikita that the problem stated, “decreased by 10%.” In her response, 
Nikita indicated that she thought decreasing by 10% from year 2010 to 2015 would be equivalent 
to increasing by 10% from year 2015 to year 2010.  
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Even though Nikita was able to recall facts and procedures efficiently, she did not have a 
full mastery of percentages as she assumed that computing them can be reversed. Nikita’s 
trouble with determining which operation to use comes up again when converting a peregrine 
falcon’s speed from miles per hour into feet per second. The process of converting is shaped by 
the type, nature, and structure of the problem, namely whatever information is given, must be 
multiplied by a conversion factor to achieve the wanted result. The structure of how the answer 
should be determines which operation to use: multiplication or division. In some cases, students 
may be required to perform several successive conversions to get the desired units. Nolan, also a 
native English speaker, was able to convert miles per hour into feet per minute but forgot to 
divide by another round of 60 to get seconds. In addition, during his think-aloud, he incorrectly 
stated the necessary operation (i.e., multiplication instead of division).  
In much the same way, Eva wrote “𝑥𝑥/100 = 18/40, 40𝑥𝑥 = 1800, 𝑥𝑥 = 45” on her shared 
screen for a problem involving percentages and explained,  
So, I put 𝑥𝑥 over 100 because I put 𝑥𝑥, since we don’t know the original price ... and that’s 
what I put 100% because its original price and then put it equal to 18 over 40 because $18 
is that 40% of whatever 𝑥𝑥 is. So, I cross multiply, and I got the original price which is 45.  
The problem indicated that the book was on sale for 40% off its original price. Eva immediately 
used the 40 in the problem to set up her proportion instead of determining the percentage that 
must be paid. Namely, her process was correct, but she needed to use 60 rather than 40 because 
the person in the problem is paying 60% of the original price. Many students from each group 
took 40% of 45, selecting 18 as their answer, not realizing that they had to subtract the $18 from 
the original price of $45. 
 The use of rote memorization or a habitual course of action seems to arise often for 
students. For example, when confronted with a problem involving infinitely many solutions, 
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many students’ reaction was to plug something in. When tasked to determine the value of b in an 
equation with two constants (a and b) and one variable with infinite possibilities (x), many of the 
students focused only on 𝑥𝑥 and forgot about the constants a and b. In order for the equation to 
have infinitely many solutions the left side must match the right side, which means after 
distribution, 𝑎𝑎𝑥𝑥 had to be equivalent to 4𝑥𝑥 and 𝑎𝑎𝑏𝑏 must be equal to 10.  
 Another example of mechanical application of operations can be seen when Eduardo was 
given a quadratic equation with the constraint of having only one solution (see Figure 23).  
Figure 23 
Question 36 of the New SAT-M 
 
Note. The College Board. (n.d. c). 
Eduardo discussed his thinking process for this problem,  
Okay. C equals negative 𝑥𝑥 squared plus 5𝑥𝑥. Was supposed to get an x out. So, one x 
equals zero ... and the other 𝑥𝑥 equals 5.  
Eduardo ignored the variable C and set −𝑥𝑥2 + 5𝑥𝑥 equal to zero and factored. When the 
researcher reminded the student about the variable on the other side, Eduardo suggested 
subtracting the C over but then did not know how to proceed. Using this algebraic method, the 
student would need to recall discriminants and what it means to have one solution. The student 
was encouraged to use his knowledge about graphing to simplify the problem. This incident 
highlights the variety of methods a student could use. For this particular example, the algebraic 
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method involving discriminants was tedious and prone to mistakes. The graphical method, which 
involved finding the maximum, was simple and more straightforward. Eduardo’s immediate 
reaction to a quadratic equation was to factor and set the factors equal to zero, ignoring the 
constant on the other side. This procedural habit indicates a lack of mastery with quadratics.  
 Both Eduardo and Dana from Group 1 used rote memorization when determining the 
slope of a line. They identified the term 𝑚𝑚𝑥𝑥 in the equation 𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏 as soon as they heard 
slope. Eduardo read,  
“The equation above is the equation of the line, of the line in the 𝑥𝑥𝑦𝑦 plane and 𝑡𝑡 is a 
constant. If the slope of the line is negative 10, what is the value of 𝑡𝑡?” I don’t know. 
Wasn’t the slope like 𝑚𝑚𝑥𝑥? So, the value of 𝑡𝑡 is equal to −10? So, it’d be 𝑡𝑡. So, I’d 
replace 𝑡𝑡 by −10? 
Forgetting the division of 12 that he did when changing the standard form of 𝑡𝑡𝑥𝑥 + 12𝑦𝑦 = −3 to 
slope-intercept form, resulted in him setting −𝑡𝑡 equal to negative 10. Eva also identified −𝑡𝑡 as 
the slope rather than −𝑡𝑡/12, the coefficient of x. She too ignored the division of 12. It is 
interesting to note that both students were able to solve for 𝑦𝑦 and wrote 𝑦𝑦 = −𝑡𝑡𝑥𝑥−3
12
 instead of 




 ). In the same way, Nicole started with 𝑡𝑡 = −10. Then, 
−10 = − 𝑡𝑡𝑥𝑥
12
. Finally, she solved for −10 = − 𝑡𝑡
12
. Nolan assumed the slope was 𝑡𝑡 when he forgot 
to divide by 12 to isolate the y and put his equation into slope-intercept form.  
 When straightforward methods were not available due to the structure of the problem, 
students reverted to plugging in. This was the case for Problem 6 of the old SAT-M (see Figure 
13). Students were given a restricted range of numbers, the median, and mode but were asked 
whether the following averages were possible given that two of the numbers in the list were 
missing. Eva, knowing that she had a restricted set of numbers to choose from, used the numbers 
7 and 8 as the two missing numbers. Conveniently, the average of the seven numbers turned out 
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to be 7, which made statement Roman numeral I possible. For the other two Roman numeral 
statements to occur, she would have needed to plug-in numbers for quite some time because to 
have an average of 8.5 and 10, at least one of the missing values had to be a non-integer decimal. 
When Eva tried out Roman numeral II, or the average 8.5, she kept ignoring the 0.5. She 
calculated that the sum of the two missing numbers had to be 25 instead of 25.5 and suggested 
10 and 15 to be the two missing numbers. The researcher would clarify Eva’s answers without 
openly noting the inaccuracies. For example, when Eva suggested 10 and 15 for the two missing 
numbers of a list of seven numbers to obtain the average of 8.5, the interviewer would restate her 
plugged-in numbers as 10 and 15.5. This mistaken assumption, that the missing values had to be 
whole numbers, was also share by Eshma. Nadia, from Group 3, knew median and mode and 
wrote 2, 3, 3, 6, and then two blanks, followed by 20. However, she wanted to know if there was 
a quicker way because she ran out of time during the test, trying to plug in numbers. The 
researcher helped her set up equations where 34 + 𝑥𝑥+𝑦𝑦
7
= 7, 34 + 𝑥𝑥+𝑦𝑦
7
= 8.5, and 34 + 𝑥𝑥+𝑦𝑦
7
= 10. As 
long as Nadia picked values for x and y that were between 6 and 20 to make 𝑥𝑥 + 𝑦𝑦 equal to 49, 
59.5, and 70, respectively, she would be able to answer the question.  
 Many of the students who were from Group 1 needed scaffolding when choosing values 
for j and k and having to determine the probability of having the product of j and k be divisible 
by five (refer to Figure 9). The students treated each set as a probability question on its own. As 
a result, Eshma concluded,  
So, 2 out of 6? So, 3? Probability ... Because let’s say like j is like out of ... out of these 
three probability, like the probability of picking 5 is one out of three and then the 
probability of k picking 10 out of three, which is one out of three, but then out of both of 
them, it’d be two out of six. 
From her reading the problem out loud, the researcher deduced that Eshma misread the question 
and left the phrase “product of j and k” out entirely. As soon as that was clarified, Eshma was 
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able to logically conclude that at least three of the nine products were divisible by 5 and 
determined that the final answer was five out of nine. 
At times, students were able to answer the questions correctly but with slight errors. For 
example, Eduardo initiated the probability problem by listing distinct products, not realizing that 
there were two sets of numbers that multiplied to 60, namely 5 times 20 and 6 times 10.  
There’s 4 times 10, so it’s 40. We have 50. We have 55. We have 60. We have 60 again. 
That’s about it. So, it’s 4. How many are there? So, it’s nine. Four out of nine. 
The product of 60 was only counted once when it should have been counted twice. Eduardo only 
counted distinct products. 
From Nicole’s think-aloud, we see that her approach differed from Eduardo. She stated,  
So, j is chosen at random from that and k is chosen from that … divisible by 5. Well, only 
5 and 10 are divisible by 5. So, out of those six numbers … So, 1/3 and 1/3 is two sixths. 
That’s one third. One third of those two groups are divisible by 5.  
First, she treated each set as its own probability question. Her use of 2/6 showed she was not 
looking at products but rather the total distinct numbers if sets j and k were combined. Whereas 
Nolan knew there were nine possible products and that 
any number that is multiplied by 10 is divisible by 5 and anything multiplied by 5 is 
divisible by 5. 
His mistake lied in overcounting 5 times 10 because his list included 5*10, 5*11, 5*12, 10*4, 
10*5, and 10*6. Difficulties appeared to arise from understanding the problem, choosing and 
using appropriate strategies for solving the problem, and the computational process. 
Another example of a student requiring assistance involved question 28 of the redesigned 
SAT-M (see Figure 24) which asked students to identify the graph of 𝑓𝑓(𝑥𝑥) = (𝑥𝑥 + 3)(𝑥𝑥 − 𝑘𝑘), 




Question 28 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
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Bhudevi eliminated two of the answer choices  
because the first two numbers … if you multiply it out, you would have a positive 
number for your first … like for x squared … for your leading coefficient, which means it 
has to face upwards and not down.  
I rephrased her response and she continued.  
[Y]eah and then… um… for the last two integers, if you multiply, multiply them, you 
should have a negative number. So, which means the y-intercept has to be negative and I 
think both of them are negative here [pointing at C and D]. 
Bhudevi had knowledge of how each coefficient of a standard quadratic equation affects the 
graph. The a of 𝑦𝑦 = 𝑎𝑎𝑥𝑥2  + 𝑏𝑏𝑥𝑥 +  𝑐𝑐 indicates concavity, c represents where the graph will 
intersect the y-axis, and b shifts the parabola either to the left or right.  
You don’t know if it’s plus or minus, because that depends on the k, depending on if it’s 
bigger or smaller than three. So, this value could be plus or minus, so we don’t know if it 
falls like on the right side of the axis or the left side of the axis. So, I tried plugging it in 
to see if like there was a difference … like in my calculator.  
After a long pause, the researcher realized that student could not go further. Sensing her struggle, 
the investigator suggested looking at the y-intercept of the two remaining choices. Since both 
graphs crossed the y-axis at −6, the student was able to determine that the k value was −2. She 
then proceeded to graph the quadratic equation into her graphing calculator.  
Bobby, using similar reasoning about concavity, also eliminated Choices A and B 
because the  
parabola is down…is facing downwards. It’s decreasing…like it goes…it increases and 
then it goes back to decreasing. I have…since the x squared is positive because if…x 
squared would be positive, it’d be x squared plus 3𝑥𝑥 minus 𝑘𝑘𝑥𝑥 and then minus 3𝑘𝑘. So, 
then x squared will be positive and the um… the y-intercept would be negative since k is 
negative. K is a positive integer, but there’s a minus in the equation. So, whenever you 
multiply k by 3, it’s always going to come out negative. So, the y-intercept has to be 
negative.  
His verbal explanation made it seem like he was talking about k being positive and negative at 
the same time but what he meant was the product of −3𝑘𝑘 was negative but 𝑘𝑘 itself was a positive 
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integer. Even though his precision of language was at times incorrect, he was quick to realize 
that 𝑘𝑘 had to be equal to 2 because −3𝑘𝑘 was equivalent to −6. When explaining how the leading 
coefficient of a parabolic function affected the graph, the phrase “negative slopes” was used by 
Bobby to describe the direction of concavity. We see here how language is not limited to 
reading. Students need to not only be able to read test items correctly but also interpret with their 
own words their thought processes and answer in precise, mathematically correct terms. 
 Usually, knowing alternative ways to solve a problem is beneficial. However, at times, 
students would mix and match pieces of each method, in an attempt to make a problem simpler 
but instead resulted in a more complicated equation. Given a table of values, Bhudevi had to find 
a linear equation that represented the relationship that corresponded to the values of x and y. She 
attempted to use slope intercept first.  
I’d probably set up, try to set up a linear equation with mx plus b and try to plug in 
numbers … but find slope first. Wait what … you may not need the slope. 
After calculating the slope, she was asked what she would do with it. Bhudevi then attempted to 
use point-slope to avoid solving for b, the y-intercept. She proceeded to select two points from 
the table of values to replace the variables in the point-slope equation, justifying that “if I do it 
this way, then there’s no x or y variables.” Without an independent or dependent variable present, 
she was unable to create an equation of a line. The researcher, seeing her confused look, asked 
her to go back to slope-intercept since she had already solved for the slope. She would only need 
to find the y-intercept to complete her equation. Afterwards, we reflected that slope intercept was 
much easier and discussed where she went wrong with her point-slope formula (i.e., she replaced 
both sets of x’s and y’s in the point-slope form). 
 In an attempt to solve the same problem, Binita plugged (𝑎𝑎, 0) into 𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏 but she 
substituted the a into the b spot. In other words, she identified that (𝑎𝑎, 0) was an intercept but 
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assumed it was the y-intercept. After correcting this, she arrived at the equation 0 = 𝑎𝑎𝑚𝑚 + 𝑏𝑏. She 
then selected the point (5𝑎𝑎,−2𝑎𝑎) to replace x and y in the same slope-intercept equation, 
resulting in −2𝑎𝑎 = 𝑚𝑚(5𝑎𝑎) + 𝑏𝑏. Binita had a difficult time determining which variable to solve 
with the system of equations that she had set up. In addition, she was setting the same line equal 
to itself. She lost sight of the goal, which was not to find an intersection point but rather an 
equation of a line.  
In the redesigned SAT, standard deviation appeared in problems 11 and 20. In the old 
SAT-M, it did not appear at all. Students who have never seen standard deviation in their math 
classes were at a disadvantage. If data analysis was taught, there seemed to be a focus on mean, 
median, and mode while topics like deviation and variance were brushed over. In problem 20, 
Nolan explained why he chose standard deviation:  
Uh. So, I just saw that 84 is um … is 12 higher than 96. And standard deviation is the 
difference from the max and the min. So, I just … I think it’s D because the max goes up 
by 12. So, the standard deviation would also increase by 12.  
From his explanation, the researcher believes Nolan confused “spread” with “distance,” mixing 
standard deviation with range. His conceptual understanding was correct. The distance was 
exactly 12 but his connection from definition to term was incorrectly synced.  
Interpreting constants in terms of the context of the problem seems to be a consistent, 
problematic issue for students, whether it be a linear or exponential function. In the second to last 
multiple-choice problem of the redesigned SAT-M section (see Figure 25), Nicole determined 
that change in height depends on what is being multiplied to the 1.88. After Nicole’s third read 
of the femur and length question, the researcher stepped in. 
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Researcher:  It’s a rate of change. Slope. Right? Now, how do you usually find slope? 
Just give me the formula for slope. 
Nicole: The change in y over the change in x. 
Researcher:  So, it’s like change of y over change of x. So, your y variable is on top and 
your x variable is on the bottom.  
Nicole:  Mmhm… 
Researcher:  So, there’s a specific order to figure out your slope. Should it be femur on 
top or is it … should it be height on top? 
 
After answering the question, Nicole reflected that the wording confused her. Nolan also made 
the same conclusion. He noticed that Choices C and D were similar.  
I was trying to see the difference in them. It’s like the wording. It’s very similar and 
when I was just doing it … when I got towards the end, I didn’t have like a lot of time. 
 
Figure 25 
Question 29 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
  
126 
Part of the problem may be accredited to defining what it is that they are solving for. 
Neema read aloud,  
The relationship between x and y can be written as y equals mx, where m is a constant. If 
y equals 17 when x equals a, what is the value of y when x equals 2𝑎𝑎? Okay. [writes 
17 = 𝑚𝑚𝑎𝑎]. Um. Not sure how I would do this one.  
When rephrased and redefined as “You need to know what m times 2𝑎𝑎 is,” Neema immediately 
stated it would be 34. She explained, “because it would be the same as two times m times a” and 
since 𝑚𝑚𝑎𝑎 was defined as 17, she multiplied the 17 with the 2. Without using the words 
“commutative property,” she was able to demonstrate her versatility with numbers. 
No Understanding of Why. There were instances where students had a lack of 
understanding of the problem and/or the steps required to solve. Support from the interviewer 
was not enough to allow them to think critically on their own. In the femur versus height 
question above, Nadia eliminated Choice A because  
I feel like it … I don’t know. I don’t think 32.01 is what it like … in the equation, I don’t 
think that’s what they mean as a height for a man.  
Her explanation was not a valid reason to eliminate Choice A. If the man’s femur length was 
zero, the 32.01 did represent the height of the man. Nadia also crossed out C because  
I don’t think it’s for one-inch increase in his height. I feel like the equation isn’t saying 
anything like for every one-inch.  
She pointed out that there was no “one” in the equation. It seemed 1.88
1
 was a foreign concept to 
Nadia and that many of the students who were interviewed were unfamiliar with decimals within 
fractions.  
Another example of students not being able to solve or understand the question was when 
Elizabeth was tasked with the problem “If 𝑦𝑦 = ℎ
𝑥𝑥
, where h is a constant, and if 𝑦𝑦 = 3 when 𝑥𝑥 =
4, what does y equal when 𝑥𝑥 = 6 ?” (The College Board, 2013) and her response was  
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Cause 𝑥𝑥 was 4 and then… it’s like 1 to 1.5 … and y is … 6. Like 1 to 1.5 … y is three 
and we want it 4.5. When it’s like ... half of it and one of it ... half of it ... four is to ... and 
for this one ... you had it more to… half of three ... get 4.5 [writes 4 → 6 on her screen].  
From her claims, we can conclude that she is using proportions to maintain a relationship 
between two objects. The two objects she chose, however, were the x’s that were given (𝑥𝑥 = 4 
and 𝑥𝑥 = 6). The question required the use of inverse variation where the product of x and y is a 
constant h. Elizabeth did not use h in her explanation. In fact, the student was using direct 
variation between two x’s instead of between the variables x and y. 
 In another scenario, Eesha described her thinking process for the probability question 
involving j, k, and their product being divisible by 5 in the following:  
So from j, it will be divided by 5 is only 5 [from the set 4, 5, and 6]. But in k, we can 
divide 10 and yeah. That’s all. 10. We can’t divide 11 and 12. If we will divide, it can be 
answering 0, 0.2, or something like that.  
Her final answer was “No.” She was reminded that on the SAT, the grid-in answer cannot be yes 
or no; a number is required. She continued to list the quotients of all the numbers divided by 5. 
The interviewer directed her attention to the word product. This was the same student that 
thought product was manufacturing and after verifying that she understood what product meant, 
Eesha proceeded to multiply all numbers in the set. The researcher had to step in again to clarify 
product of two numbers, one chosen from set j, and another chosen from set k. This led her to the 
discovery that there were five products that were divisible by 5. She indicated that her final 
answer was 5. However, the problem asked for a probability. The researcher prompted Eesha and 
waited to see if Eesha would identify the error, but she had given up by this point.  
In the new SAT, Geometry topics were relegated into “other topics,” making up less than 
10% of the mathematics section. The old exam placed more emphasis on Geometry questions; at 
least 5 of the 18 questions involved geometric concepts. In the old SAT-M used for the study, 
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Geometry questions consisted of networks, angles, distance, triangles, and area. At least two 
questions required students to go through all answer choices to determine possible values rather 
than solving directly for a variable. Problems that can be solved in a more straightforward 
manner may require more dexterity. Students like Nolan drew a line to separate the figure into 
two rectangles (i.e., to create a rectangle on top and a rectangle below) in problem 15 of the old 
SAT-M (see Figure 26). The way he chose to break the figure up did not ease his calculations, 
indicating his difficulty with manipulating geometric configurations. The problem required 
students to draw a vertical line to separate the figure into two rectangles lying side by side.  
Figure 26 
Question 15 of the Old SAT-M 
 
Note. (The College Board, 2013). 
After redrawing his line, Nolan exclaimed, “and then I still don’t know how to find this piece 
over here … like the small.” The researcher directed his attention to “the area of the figure above 
is nine-fourths” since he had not used that information. In return, he asked whether one would 
use a proportion for this. His response demonstrated that he did not know how to use area to 
determine the length of the small piece that is needed to find the overall perimeter. 
Looking back, the researcher regretted having left blanks on the SCR sections. Grid-in 
spaces, similar to the answer sheet on the SAT, would have forced students—some of whom 
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gave answers in the form or equations, expressions, or yes/no answers—to bubble in numerical 
responses. For the problem involving the probability of a product being divisible by five, Eesha 
gave a “no” as her response, then changed it to five different quotients. Because the grid-ins only 
allow for four bubbles, she would have been prompted to reevaluate her answer. Additionally, 
negative numbers, imaginary numbers, and numbers with more than four digits are not possible. 
Eesha gave an answer that clearly indicated that she did not understand the problem or topic. She 
did this again with the problem involving Alison and Tom’s weekly sales and compensation 
(refer back to Figure 8). At first, she seemed to be doing the correct operations as she spoke 
aloud her steps.  
Alison’s weekly compensation consists of 200 plus 25%. So, here he have the 200 salary 
plus he will get 25% about her, of her sales. So, if both had the same amount of sales and 
the same compensation for a particular week, what was the compensation in dollars? So, I 
guess we can do is 300 minus 200. 
Although Eesha had the first few steps correct, she then veered off course and explained,  
So, we will get 100 ... So, basically compensation, we get it. It was $100 plus; we have to 
do is sales. So, Tom has 20% and Alison has 25%. So, it will count as 5% in hundred 
dollars.  
She wrote her final answer as 100 + 5%.  
While there was less confusion in the other groups, Bethany, Nolan, and others still had 
some trouble. For example, when calculating the volume of a right circular cone, Bethany 
required a lot of assistance from the interviewer, including identifying the formula from the 
reference sheet, questioning whether the 𝜋𝜋s disappeared, and basic inverse operations to get r by 
itself. Even when she arrived at her answer, she asked if she had to do anything else, giving the 
impression that she did not fully understand what she had done. The active support may have 
caused her to rely too much on scaffolding and not enough on her own ability to think critically.  
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Theme 5: Regimented and Committed to a Certain Technique 
Flexibility in mathematics is the ability to maintain and shift among multiple 
representations of numbers and between problem-solving techniques. This skill can enable a 
student to solve a question with ease and saves time. In the following examples, students lacked 
the representational flexibility that supports thinking in different ways and procedural flexibility 
that supports using different solution strategies.  
We see evidence of students being committed to a certain strategy in Problem 20 of the 
redesigned SAT-M, which states 
   The maximum value of a data set consisting of 25 positive integers is 84. A new data 
set consisting of 26 positive integers is created by including 96 in the original set. Which 
of the following measures must be 12 greater for the new data set than for the original 
data set? (The College Board, n.d. c) 
Bobby thought that he had to list 25 positive integers. He wrote out natural numbers in 
consecutive order up to 25. With the remaining time, he was only able to cancel out median from 
the answer choices. He reasoned that by adding 96 to a set of numbers, it does not ensure that the 
median would be greater than 12. In order to be successful on this problem, a student would need 
to think about which measure would guarantee 12 greater than the original data set. He was 
focused on writing out a complete set of 25 numbers instead of the phrase “must be 12 greater.” 
 In problem 7 of the older SAT-M, almost every student who had it incorrect, selected 
Choice D (i.e., Four). They were tasked with the question, “In the 𝑥𝑥𝑦𝑦-coordinate plane, how 
many points are a distance of 4 units form the origin” (The College Board, 2013)? Many students 
only went four left, right, up, and down, and did not consider other directions. Bobby reflected, 
I didn’t even really think about it as the graph [of a circle]. I didn’t think of it like 2 and 2 
cause or like 1 and 3 ... like it could be ... you could go out in different directions ... 
different ways. 
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Even though he understood that a point could go in other directions, his choice of examples 
portrayed an incomplete mastery of distance. If he really went one right and three up, the 
distance would not be 4 from the origin. The same can be said of his “2 and 2” example.  
In another example, students had to identify the graph that was represented by the 
equation 𝑓𝑓(𝑥𝑥) = (𝑥𝑥 + 3)(𝑥𝑥 − 𝑘𝑘), both Bobby and Bhudevi rewrote the given intercept form into 
standard form, 𝑓𝑓(𝑥𝑥) = 𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑥𝑥 + 𝑐𝑐, and used the answer choices and the leading coefficient 
property to eliminate Choices A and B. Their method of working backwards required them to 
find what value 𝑘𝑘 was. Neither thought to use the given intercept form of a quadratic to find 
where the graph would intercept the x-axis. Since the problem stated that 𝑘𝑘 was a positive 
integer, the intercept would have been easily located to the right of the origin. Both students 
exclaimed their surprise over this quicker, more efficient method. 
At least one student knew the correct process but could not reproduce his answer during 
the interview because he did not have a graphing calculator on hand. Bobby indicated that when 
he took the two sections in the cafeteria, he was able to borrow a graphing calculator from a 
friend. In problem 36 of the redesigned SAT, he understood that the maximum of the quadratic 
would be the answer, referring to the intersection between a horizontal line and the parabola.  
So, then the value of c ... wouldn’t it be the um, the line of c ... y equals c ... wouldn’t it 
be the line of that um ... of that ... so if, let’s say the maximum was at like um … (1, 5). 
(1, 5). Then, it would be at y equals five. Is it not? 
Bobby was unable to locate the exact vertex, but he verbally expressed how he would have 
approached the problem. He could not describe an alternative method to solving this problem 
without a graphing calculator. If a student were to solve this algebraically through discriminants 
or the quadratic formula, the problem would have been far more difficult. According to the 
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College Board answer explanations (see Figure 27), the algebraic method requires knowing that 
the discriminant must be set equal zero for the quadratic to have exactly one solution. 
Figure 27 
The College Board’s Explanation to Problem 36 of the New SAT-M 
Note. The College Board’s SAT Study Guide 2020 (The College Board, n.d. b, pp 420-421). 
This explanation has been reprinted with permission (See Appendix A). 
Many of the students could not recall discriminants, indicating that it is a concept that is not 
really used or has been forgotten. Similarly, Neema, a native English speaker, knew the answer 
would be located at the vertex. With this in mind, she tried to convert the given standard form 
𝑦𝑦 = −𝑥𝑥2 + 5𝑥𝑥 into vertex form, 𝑦𝑦 = 𝑎𝑎(𝑥𝑥 − ℎ)2 + 𝑘𝑘. It was suggested by the researcher to put 
the quadratic equation in factored form, 𝑦𝑦 = 𝑎𝑎(𝑥𝑥 −𝑚𝑚)(𝑥𝑥 − 𝑛𝑛), and then find the vertex through 
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symmetry. This would allow students to solve without using discriminants, a graphing calculator, 
or completing the square.  
Theme 6: Nontraditional Methods on Multiple-Choice Questions 
Nontraditional methods were used frequently for multiple choice questions because the 
format allowed students to select one correct answer among other distractors. For example, 
Bobby used process of elimination to remove two of the answer choices in problem 22 of the 
redesigned SAT. He deduced that the graph would be increasing because the number of people 
that were invited to the fund-raising event doubled each year. Since both Choice A and Choice C 
included the word “decreasing,” he was able to remove them as viable options.  
With the redesigned test offering proportionally more multiple choice (MC) questions, 
students now have the option to use nontraditional methods for more problems. The redesigned 
SAT-M had about 21% of its problems as student constructed responses, whereas the old exam 
had half of its questions being student constructed responses. This may be a reason why students’ 
performance on the new SAT-M was better. In some cases, non-traditional strategies was 
required to solve certain MC questions due to its more open-ended style such as the Geometry 
question where they asked which of the following could be a possible value for x (refer to Figure 
7), the Roman number question about the list of seven numbers that had specific averages (refer 
to Figure 13), or the question about the arrangement of families along a 14-day hotel stay (refer 
to Figure 15). In each of these problems, the student would need to validate each scenario or 
answer choice.  
As we discussed and evaluated SAT-M questions, it was found that MC questions that 
could be changed into SCR were easier to solve whereas MC questions that could not be changed 
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into SCR were the most difficult to solve. Unfortunately, the ones students identified as the latter 
all came from the older SAT-M. Benita thought the newer exam was easier because   
it was like testing equations and like substituting, I feel like. But section 6 [the older 
SAT-M] was more like um ... like evaluating, trying to find the best or the most possible 
answer, like a lot of the multiple choice. 
Bethany claimed that the old exam was harder because there were fewer questions where she 
could work from the answer choices. She preferred the newer section because there were more 
multiple-choice problems. Nadia also liked the redesigned SAT-M due to the MC questions 
playing a more prominent role. She also indicated that the older exam was more complicated 
than what she had originally thought. Nikita’s reason for favoring the redesigned section was that 
it had more equations and less Geometry and Nolan thought that the Geometry questions were a 
lot harder than the Geometry questions in the redesigned SAT. From student responses, it can be 
implied that many student difficulties were attributed to the structural design of test items. 
Theme 7: Answered Correctly During the Think-Aloud but not on Paper  
Students often correctly answered the question during the interview without the 
researcher’s assistance but marked an incorrect answer on their paper. This occurred more 
frequently with students from Groups 2 and 3. For example, at least two students from Group 2, 
namely Bhudevi and Bobby, correctly pointed out that in order for there to be a single 
intersection between a horizontal line and a parabola, it must occur at its vertex. Neither student 
attempted to set up a system and use substitution to solve. Both provided a visual of a concave 
down parabola and a line to demonstrate a graphical representation rather than an algebraic one. 
 In the problem involving the volume of a right circular cone, Bobby correctly answered 
the question and complemented his explanation with a picture of all pertinent information 
labeled during his think-aloud. However, he marked a different answer on the day of the test. 
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Looking at his scratch work, it appears he selected an incorrect formula for the volume of a 
cylinder. He had written ½ instead of ⅓.  
In a separate problem, Bobby was tasked to find the difference between an old route and 
a new one (see Figure 28).  
Figure 28 
Question 3 of the Old SAT-M 
 
Note. (The College Board, 2013). 
He easily solved it without assistance from the researcher. He reflected on why he may not have 
gotten it correct the first time.  
I don’t know why I didn’t ... I’ve kept doing it on the test ... and I think I kept getting like 
6 or something. I don’t … like I did it like three times over and over and over and over 
again. 
He understood the necessary procedures but just needed more time to step back and reevaluate. 
He felt that he needed to move on to the next problem and try to get as many of those correct 
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before coming back. Unfortunately, Bobby ran out of time and was unable to return to the 
question. This example demonstrates that scores may not be indicative of student performance. 
There were also evidence of students learning concepts during the interview and think-
aloud process, which enabled them to answer a few questions they had originally gotten wrong. 
After learning the term constants from a previous problem, Nikita was able to answer the 
following question correctly: “If y equals h over x, where h is a constant, and if 𝑦𝑦 = 3 when 𝑥𝑥 =
4, what does 𝑦𝑦 equal when 𝑥𝑥 = 6?” (The College Board, 2013, Question 10). She substituted the 
given values into 𝑥𝑥 and 𝑦𝑦, and created the following equations: 3 = ℎ
4
 and 𝑦𝑦 = ℎ
6
. She was able to 
determine that h, the constant, was 12, replaced it in the second equation, and concluded that y 
was 2.  
Theme 8: Metacognition 
Metacognition, simply put, is thinking about one’s thinking. This includes planning, 
monitoring, and assessing one’s understanding and performance. We see evidence of this in 
almost every student in each group. An awareness of their own learning has helped them manage 
their cognitive load, find meaning, provide clarity, and promote retention of learning.  
Defining variables and/or goals. The techniques and methods applied to solving 
problems in mathematics vary from problem to problem, but recognizing and using a plan to 
solve mathematical problems is a heuristic that all students should learn. Defining variables 
shape the steps required to reach a certain goal and is instrumental in understanding what needs 
to be done. Emilia was at first hesitant when she stated,  
Yeah. I don’t get this one either. So, I think it’s asking like to find out which of the like 
answers would be right to like ask the employees if they’re like said it satisfied with their 
job ... something like that.  
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But as she thought out loud about what she needed to solve, she identified what statistical 
scenario would be most appropriate when determining employee satisfaction (See Figure 29). 
Figure 29 
Question 7 of the New SAT 
 
Note. (The College Board, n.d. c). 
In a separate problem, Emilia applied her metacognitive skills to correct a prior answer 
by conceptualizing the phrase “initial treatment” as Week 0 in the question involving the ratio of 
total insects in Week 8 to the number of insects during the initial week of pesticide treatment. 
She continued to define variables and goals by paraphrasing questions in terms of her own 
understanding. For example, she discussed the procedure to solve problem 3 from the old SAT-
M (refer to Figure 28): “So, is it asking if ... if ... how many like more would it be if I use this 
route than this one?” Even though she phrased it as a question, we see her logically go through 
the sentence and determine what is being asked of her.  
Even when students were not focusing on the precision of language, they were able to 
perform correct operations. For example, in the Geometry question involving the irregular shape 
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in problem 15 of the old SAT (see Figure 26), Eva went to subtract 1 from 9
4
. Though the student 
verbalized the operation incorrectly, she knew that she had to perform 9/4 minus 1 and did so on 
her screen. Even when students who claim they have no idea where to start, were able to adapt 
their strategy after they made sense of the problem. For instance, after reading out loud problem 
16 of the old SAT-M (refer to Figure 9), Emilia paraphrased the problem by saying,  
They pick a number from each set and it has to be like add them up. Wait. Right? ... or is 
it multiply them? And divisible by five. It has to be divisible by 5. So, like ... the answer 
has to be divisible by 5. 
The restatement of the problem directed her attention to the important details of the problem. She 
was able to devise a plan by making an orderly list and carried out her objective.  
With Group 2, there was less need for confirmation as students from this group were able 
to define their goals and tasks for the entirety of the problem rather than step by step, with the 
exception of Bethany, who was currently enrolled in a low-track Algebra II course during the 
time of the interview. Other members from that group were able to make lists of goals to tackle 
before making calculations. We see this with Bhudevi when she was solving for Tom and 
Alison’s compensation (refer to Figure 8).  
So, I would probably set up two equations, one for Tom’s and one for Allison’s. Their S 
(sales) is the same ... wait. And the same compensation? Would you just set both of these 
equal to each other? And find S and then find out how much money both of that equals? 
She itemized her process, made connections between the context and the mathematical symbols, 
and understood what the symbols represented in the physical world. This comprehension 
monitoring strategy6 seemed to help not only students of all language abilities but also students 
of different mathematical abilities. 
                                                            
6 George Pólya’s problem-solving techniques identifies four basic principles of problem solving: 
Understand the problem; Devise a plan; Carry out the plan; and Reflect (Pólya, 2014). 
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Monitoring. As students learn mathematics, they see regularities and uncover 
relationships. Eventually, they learn to monitor their thinking and can choose a variety of ways 
to tackle a problem or verify a solution. Eduardo tried out each scenario in a linear word problem 
about femur length and height and weighed in on their sensibility (refer to Figure 25).  
The approximate increase in a man’s femur length, in inches, for each one-inch increase 
in his height. No, that makes no sense. It’s the other way around. No. What? Yeah. The 
approximate increase in a man’s height, in inches, for each one-inch increase in his femur 
length. The 32.01 would be the zero, like the base.  
Eduardo used his prior knowledge about the structure of a linear equation to reason that the 
32.01 represented the initial height of an adult male, leaving the 1.88 to be the rate of change. 
Binita and Bhudevi, from Group 2, were also able to deduce that the man’s height had to be at 
least 32.01 inches because it was added at the end of the function and that there was no variable 
attached. All three students monitored their own thinking and corrected where applicable. 
 There were several times where students recanted their original answers after reflection. 
In one problem, students were tasked to find the most appropriate graph to represent the amount 
of popcorn left. During her think aloud, Eshma originally picked Choice C, the same choice she 
picked during the administration of the test. However, she realized that the more someone eats, 
the less popcorn there is left in the bag. Therefore, she needed to look for the graph that was 
consistently decreasing. Hearing herself read out loud the problem helped her to process the 
information. 
Students would also skip over phrases in their rush to finish problems, missing out on 
important details. With the think aloud, students were given the opportunity to complete 
problems without time constraints, picking up on the details that were missed. For instance, in 
problem 7 of the redesigned SAT (refer to Figure 29), Emilia had to determine the most 
appropriate sampling method. At first, she picked A because she read “random.” After further 
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inspection, she realized there were other choices with the word random embedded in. Eventually, 
she spoke of “spread” and concluded that selecting 10 random employees from each store would 
draw better inferences about the entire company than selecting one store, the top paid employees, 
or taking the first 50 responses of an online survey. Eventually, it came down to time and 
whether she could read the answer choices. Emilia divulged that she was reluctant to work on 
this problem because of the length of not only the problem but also the answer choices. 
Another way that students self-regulated was using the order of difficulty to reflect on 
their process. To illustrate, Eshma claimed that she would need to subtract the percentage of 
“never” from the percentage of “always,” but she remained doubtful because her answer was too 
simple. Since it was problem 18 of a 20-question section, she knew there needed to be more 
steps involved. Similarly, Bhudevi from Group 2 looked at the position of the question to 
monitor her progress. Realizing that the problem she was working on was towards the middle of 
the multiple-choice section, she was able to deduce that her methodology was too easy and went 
back to rereading the question. 
On a different occasion, Bhudevi recalled getting stuck on a particular open-ended word 
problem but during her think-aloud, she knew she had to end up with seconds, not speed. 
If a falcon dove at its maximum speed for half a mile to catch prey, how many seconds 
will the dive take? Okay. This question, I was a little stuck on. So … so the maximum 
speed for seconds is 293 … oh … for half a mile. So, I think I tried to put this back into 
miles. The miles was already up there so … and ... then I just guessed. That’s [0.0556] 
the speed and then I think I tried dividing it by two. That wouldn’t make sense because 
that’s the speed. Oh! Do you set this equal to one half? Put this [points at 0.05560] over 
wait … so it’s mile per one second. Since half a mile … so 0.5 over S and just solve the 
proportion. (Bhudevi) 
She was able to find her own mistake (dividing by 2) and correct it (setting it equal to ½). She 
may have caught her mistake on the day of the test if the answer sheet had grid-in’s instead of 
blank spaces because her original answer would not have fit. 
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We also see evidence of students evaluating different methods to see which approach 
would give the answer in a more efficient way. We see Nicole assessing the various ways to 
solve problem 23 of the new SAT-M. 
So if it’s linear … so linear is like 𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏. And we know we have points. So. Hold 
up. Would the y-intercept be zero? Well, ‘a’ is zero. That’s just, that’s just a zero. Did I 
plug in a point to each one and see if …? I mean … I can do that. Like if I plug in … like 
say you were to do 𝑥𝑥 plus 2𝑦𝑦 equals 𝑎𝑎, like 𝑎𝑎 and you plug in the first a point, a. Plug in 
𝑎𝑎 for x plus two. Right off the bat, [Choice] A works because if you plug in the first 
point, it works. Because if you were to like do the 𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏 and like you’d have to 
figure out probably 𝑚𝑚 and 𝑏𝑏 and then rewrite it in that format that they have as the 
answer choices. 
We see her switching from solving the constants 𝑚𝑚 and 𝑏𝑏 in 𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏 to plugging values 
from the table into the answer choices.  
Nicole was also cognizant of how her answers should look. After reading that 
𝑎𝑎(𝑥𝑥 + 𝑏𝑏) = 4𝑥𝑥 + 10 had infinitely many solutions for x, Nicole asked,  
Whoa. So, like solving for b? In the equation above, a and b are constants. The equation 
has infinitely many solutions for x. What is the value of b? So, like an actual value or … 
what?”  
Here, we see her work through the term constant, the phrase infinitely many solutions, and how 
they relate to linear equations. She at first attempted to solve the equation for b in terms of the 
other variables. 
If I was solving for b, I would divide by a and then subtract the x. But then, when 
…would that help me? Because if I want to find an actual value. Can’t I just test 
numbers? Oh. Wwwwwait … if you take out like a 2. So, 2𝑥𝑥 + 5. Cause if I wanted to 
maybe look like … I’d have to take out a bigger number cause it doesn’t look like … So, 
I would take out four. Oh God. What’s that? I want it to equal 10. Oh! It’s just 10 over 4. 
She self-regulated again when she was deciding whether to multiply or divide to convert miles 
per hour into feet per second. 
I can do 200 divided by 60. Oh no. It would be times 60 because you’re going to a 
smaller. Wait. You’re going 200 miles in one hour. And a second. Yeah. You’re gonna be 
less. So, divide by 60. 
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Rather than using conversion factors to determine whether she should multiply or divide, she 
used the length of answers to determine the correct operation. Knowing that the large number 
that would result if she multiplied by 60 would not have fit in the grid-ins, she was able to select 
division as the correct operation.  
Reflection. Metacognitive strategies require not only self-regulation during the problem-
solving process but also reflection. One of the prompts during the interview was to have students 
think about what they learned. After completing the problem about the ratio of total number of 
insects in all three colonies in week 8 to the total number of insects at the time of initial 
treatment, Elizabeth exclaimed,  
I thought about something! I can do ... 79 is like 80 ... it’s good … 40 and 40 ... 79 is 80 
... and the … we have … will have four.  
In this scene, Elizabeth suggested to approximate the sums to better calculate the ratio. 
Originally, we had 79 over 202. Elizabeth strategized that 80 over 200 would be easier to 
calculate, especially if one does not have a calculator at hand.  
After the think-alouds, students were asked to reflect on the two SAT-M sections (i.e., 
limitations of each version of the SAT-M). The ELL group was very vocal about the importance 
of vocabulary. To illustrate, Elizabeth described her experience with  
Sometimes when I don’t understand the word in the whole question, it just makes me not 
understand everything. 
Her frustration with reading and comprehending and the time limit compounding that effect, 
became a real hindrance to her problem-solving skills. When asked to identify any particular 
questions that were hard, she responded with,  
It wasn’t so hard cause ... like I told you...what the words are and like, you like explained 
it to me, what the words mean. I think if it’s ... if I understood the words from the 
beginning, it was gonna be easier. 
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 In the other two groups, vocabulary was not voiced as a major hindrance. Students from Groups 
2 and 3 identified other factors as deterrents. For example, Nicole reflected during her interview, 
When we took the test, the first time. I was just starting chemistry and like I wouldn’t 
know how to do all these conversions cause like we learned how to them…well better in 
chemistry. 
She felt that she would not have been as confident answering the conversion problem at the 
beginning of the semester.  
Part of metacognition is also knowing what you do not know. After breaking the 
trapezoid into a right triangle and rectangle (see Figure 21), Bobby and the researcher discussed 
the relationship between angles and two given sides of a right triangle. It was given that one side 
was half the hypotenuse. The student suggested using the Pythagorean Theorem or the Law of 
Sines and Cosines. However, his chosen formulas required information that was not offered in 
the diagram or the context of the problem. In response, the researcher suggested using special 
right triangles or SOHCAHTOA because two sides were given but an angle is what he needed to 
find. The student reflected, 
I get what you’re saying. The only thing, I like, I wouldn’t have seen something like that 
cause I wouldn’t have known that it could be a 30, 60, 90 but for uh ... I have to draw it. 
30, 60, 90. Isn’t it ... 1, 2, and then square root of 3? 
Bobby commented on this again at the end of the interview, claiming that even if he had the 
wherewithal to draw a line, he would not have used trigonometry to solve the problem. Because 
he could not connect this problem to ideas he had seen before, he would have resorted to 
primitive strategies of memorization, grasping at superficial aspects of the topic. As we 
discussed the correct process, he began to see how trigonometry and special right triangles are 
connected and was able to reflect on the mathematical sophistication that was required for this 
problem. 
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Theme 9: Standardized Testing Strategies and Heuristics  
These suggested methods mentioned below are effective in problem solving but are in no 
way infallible. Their use depends on the situation and type of question being asked. One method 
suggested to students was to paraphrase questions to get a better conceptual understanding. For 
example, problem 1 from the redesigned SAT which states,  
A helicopter, initially hovering 40 feet above the ground, begins to gain altitude at a rate 
of 21 feet per second. Which of the following functions represents the helicopter’s 
altitude above the ground y, in feet, t seconds after the helicopter begins to gain altitude? 
(The College Board, n.d. c, Question 1) 
can be restated as “Give an equation to represent the height of the helicopter.” With this 
rewording, Emilia was able to make the connection that the starting height was the y-intercept. 
As the helicopter gained elevation, a term needed to be added to the 40, eliminating one of the 
choices (i.e., Choice C) that had a subtraction involved. Choice A had no independent variable in 
its equation, leaving Choice B as the only reasonable answer.  
In a separate problem, paraphrasing was again used with Eshma. The interviewer restated 
the question involving the probability that a tablet user would answer “Always” given that they 
did not answer “Never” as “out of the people that did not answer ‘never,’ [i.e., rarely, often and 
always], what’s the percentage of those people who answered ‘always’”? After rephrasing the 
problem, Eshma was able to determine the part versus the whole, enabling her to choose the 
closest probability that matched her ratio. It is to be noted that paraphrasing may not work if the 
student does not have the conceptual knowledge to translate words into symbol.  
 Depending on the type and structure of the question, different heuristics were offered. 
One problem-solving technique used during the interviews involved problems with Roman 
numeral statements. It was suggested to students to treat each Roman numeral as a true or false 
statement, creating three small tasks for students to solve prior to answering the final question. 
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Students who did not know how to approach questions that involved irregular shapes and their 
area or perimeter were prompted to break it up into shapes they were familiar with (i.e. triangles 
and squares). Students were asked to reflect on whether their chosen strategy would help them 
with their calculations to encourage self-regulation and build on their metacognitive skills. 
Students were even reminded when they have not used all the given information. Suggestions 
such as underlining phrases in ratio word problems helped students identify the numerator and 
denominator. At times, the researcher would even make a different scenario to simplify a 
problem, building on students’ understanding of concepts before working on their current 
problem. For example, Eshma had trouble taking 40% off an unknown price. To rectify the 
situation, the interviewer demonstrated taking 40% off a $100 jacket. Making abstract questions 
more concrete can help simplify questions and allow students to demonstrate what they have 
learned. 
Patterns, another heuristic, have also allowed students to predict what types of questions 
the College Board will ask. There are now more problems that ask students to identify a number 
or variable in an equation that models a linear or exponential function. Standard deviation 
questions are rare, but students would not need to compute that measure. Instead, College Board 
will ask students to compare spreads or identify which data set had a larger standard deviation. 
The limits to what students can put in a grid-in (SPR questions) have forced students to self-
regulate. For example, students cannot have negative answers or answers involving imaginary 
numbers in this section. These heuristics techniques are useful for educators teaching students 
how to strategize and prepare for standardized tests.  
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Theme 10: Defense Mechanisms and Rationalizations 
Defense mechanisms were first described by Sigmund Freud in the 1870s. He defined 
defense mechanisms as strategies developed by our ego to protect ourselves from some external 
pressure and or influences caused by the imbalance of our superego (moral compass or internal 
psyche) and id (our impulses and desires) (Gökdag, 2015, p. 3). It is our way of coping and 
rationalizing to defend ourselves from anxiety, fear, and loss of self-esteem. These mechanisms 
can be either constructive or counterproductive. Below are cases of which students used 
defensive strategies to explain why they got a certain question wrong. 
Length of Question and Time Constraints. Almost every student interviewed 
mentioned in some shape or form that the length of certain questions and the time limit deterred 
them from answering questions correctly. From the ELL group, responses ranged from “I was 
disturbed with time” with Eesha to Eduardo’s  
This one [SAT-M] was very wordy, for whatever reason. I also forgot most of the stuff. 
And they’re all like ... wordy stuff. Yeah. Look at those sentences! The figure, the figure 
above the usual route from town A to town D is indicated by the solid line. The broken 
line indicates ... yada, yada, but you know ... and then these. I don’t know. 
Eva even mentioned the overload of information and had stressfully mentioned that she would 
mix up variables when confused. She described the pressure and anxiety she dealt with from 
reading long passages.  
It’s like I’m trying so hard to understand it and ... like very easy … I need to read it 
multiple times in order to … because like I get confused very easily. So, I just need to 
keep reading, reading, reading and sometimes I don’t know the terms. So, it’s a little 
harder to answer, but I can ... I like ... I kind of like ... I can figure out, can I guess, but 
I’m not like 100% sure when I’m doing it. 
She strategized that if she did not understand the problem after reading it the first three times, she 
would skip over it and proceed with shorter problems so that she can do as many of the problems 
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as she can with the time limit that was given. Tactics like this was repeated by Eshma who was 
reluctant to answer questions with long passages.  
Along the same reasoning, Bhudevi identified questions to skip and come back to by 
circling the problem. She explained that she may have gotten it wrong because she ran out of 
time. She also discussed how the older section would have been easier if given more time. Bobby 
mentioned that  
I knew exactly what to … like I feel like I knew exactly what to ... like I feel like I knew 
the process and if I had like enough time … I wasn’t trying to take too much time on each 
question. 
These students wanted to give enough time to answer as many questions as possible but also not 
lose out on raw points by going through the less difficult questions quickly. When completing 
problem 16 of the old exam, Bobby was able to easily explain how to answer the problem 
correctly and justified why he got it wrong, namely, his struggle with managing time. The 
drawbacks of time constraints was also evident with Benita. She left the mile-per-hour to feet-
per-second conversion problem blank on her answer sheet but was able to correctly answer the 
question during her think-aloud. Without the constraint of time, many of these students from 
Group 2 were able to answer questions they left blank or answered incorrectly without teacher 
assistance. Therefore, their scores do not reflect all that they know.  
Discussion about each section eventually led to deliberation on which sections were more 
difficult. Even though the new SAT had a higher average time per question, it had wordier 
questions. The old SAT-M had more open-ended questions than MC, which may require students 
use more traditional methods to solve for problems, rather than plug-in, process of elimination, 
or other testing strategies. Either way, SCR test items may increase the cognitive load imposed 
on students, impairing their ability to process new information through working memory. In the 
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problem that asked students to convert 200 miles per hour into feet per second, Bethany knew 
what her goal was but didn’t know where to start. The steps to get from hours to seconds seemed 
daunting and she mentioned she did not spend enough time on conversions in her mathematics 
and science courses. To confirm whether the problem was too much for her (rather than not 
enough coverage of the topic in her classes), the interviewer asked her to change hours into 
minutes, and then minutes into seconds. She told the researcher the correct procedures, indicating 
that if the problem was broken into bite-sized pieces, she was able to answer the question. 
Aside from time constraint and the proportion of MC to SCR questions, the use of certain 
terms and length of word problems also limited students. Eva, a former ELL, remarked,  
I feel like this section [older SAT-M] was a little easier because like... the terms are more 
like in general...like area, perimeter ... like I feel like it’s ... like ... it’s like very basic. 
And the other one, the word, the word problems were like very long. And that’s where 
like I’m a little confused and that puts like more stress over it. So, you need to keep 
reading it in order to understand it. 
Even though interviews were done separately, many students agreed with Eva’s statement. 
Eshma observed that the older SAT was more straightforward and less complicated. She even 
pointed out that at one point the directions on the new SAT-M confused her so much that she had 
to read it six times. However, she did reveal that questions on the redesigned section were not  
so difficult to the point where you can’t just do them. But it’s just like more complicated 
like it just sounds harder than it actually is ... where it’s like ... maybe if there wasn’t like 
so many like wordings involved, it’d be much easier for me to understand, like, what the 
femur one. That one was just like ‘What?”  
In her opinion, lengthy questions that lack a connection to the mathematical concepts she learned 
in her classroom are the most difficult to solve.  
Lack of Confidence, Hesitation, or Needed Confirmation. Mathematics anxiety 
seemed to be more prevalent in Group 1. However, students from this group may have also come 
from lower track math courses. Students would stress over problems before beginning to solve 
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them or second guess whether they got a certain problem correct. They often looked for 
affirmation from the researcher. For example, Elizabeth would say,  
I dunno if my point of view is right or wrong. I’m not good like... Math with English 
questions. It’s a little bit hard for me cause they use... sometimes use big words and - Oh 
my God - I’m not good with all this. 
She became anxious at times and apologized for “being slow.” She explained 
Sometimes I have a lot of trouble understanding the math SAT questions...like the 
paragraph ones … I waste time and sometimes at the end, I don’t understand it ... 
thinking about the word means, using the context clues. 
Elizabeth is not alone in her unease and discomfort. Emilia, Eduardo, and Eva all showed signs 
of math anxiety, unsure of whether they answered problems correctly or recalling that they had 
trouble learning that specific topic in school.  
Bethany required a little more prodding from the researcher than the other members of 
Group 2. However, it was not because she did not know how to do the problems. Her hesitation 
stemmed from her fear of getting it wrong and her need for confirmation. In many cases, she 
would claim she didn’t know what to do but the researcher would ask her to restate the problem:  
If 20 − 𝑥𝑥 equals 15, what is the value of 3𝑥𝑥? We’ll have to find the value of 3𝑥𝑥. I don’t 
know how to do that. I’m just gonna try subtracting cause I don’t know what else to do. 
I’ll just try. Whatever... Yeah...it’s 5. 
She wanted to gloss over the problem, but the researcher’s persistence prevailed. Bethany finally 
realized that the question was asking her to find the value of 3𝑥𝑥. She was disappointed in herself 
for not plugging x back in because it was a strategy she had learned in SAT Bootcamp7. Her lack 
of mathematical confidence, as shown by her asking the researcher to confirm each step of her 
                                                            
7 SAT Bootcamp is offered as a free district-wide resource to students outside of school hours. 
The bootcamp is separate from the SAT prep courses offered in school.  
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process, held her back from answering questions due to her unwillingness to take risks and try 
out new strategies.  
Bethany demonstrated how fixed mindsets can be detrimental, when selecting the best 
sampling method to use to determine overall employee satisfaction (see Figure 29). After reading 
Choice A, Bethany was asked whether she thought it was fair or biased. She responded, “I guess 
it’s fine.” When encouraged to expand on her answer, she exclaimed “I don’t know.” Her 
reaction gave the sense that she was giving an answer to appease the researcher. Not much 
thought was put into her solution. Seeing that the researcher would not budge or move on to a 
different question, Bethany selected choices without reason or justification. For example, she 
chose option C (i.e., 25 highest-paid employees and lowest-paid employees) without considering 
the employees in the middle of the pay-grade. Eventually, the researcher had to explain why each 
incorrect sampling method was inappropriate or biased.  
For questions where Bethany was more willing to provide a think-aloud, problems had to 
be broken down into bite-sized pieces. It seemed that looking at problems as a whole, 
overwhelmed her. Her initial reaction to cognitive overload is to shut down and give up. With a 
little encouragement and giving her small goals, she was able to slowly work through problems. 
We do see evidence of her improving and willing to offer up explanations. Prior to answering 
question 9 from the redesigned SAT (see Figure 30), we discussed the notation 𝑓𝑓(𝑥𝑥) and how the 
variable in the parenthesis acts as a collection of inputs.  
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Figure 30 
Question 9 of the New SAT-M 
 
Note. (The College Board, n.d. c). 
The notation permits recognition of independent variables and identifies the component of the 
function that has to be analyzed. Bethany was able to use what she learned from our discussion 
to substitute appropriate values into the h function and subtract their results without assistance.  
Defensive or Confrontational. There were a few instances in which students became 
either defensive or confrontational when asked to explain their process. In one problem there was 
a book on sale for 40% off its original price. The final price was $18. One student rounded 40% 
up to 50% and took half of 45 (one of the answer choices), resulting in a number that was close 
in approximation to the given sale price. She started questioning herself and ended up 
multiplying the answer choices with 0.4. When discussing the appropriate method to taking 
percentage off a price, she surprisingly noted, “Wow. I really just did not see the “off” part”. 
When percentage questions seemed to pop up frequently for her, she commented on how much 
she does not like percentages and that it is the reason why she got many of the percent questions 
incorrect. 
 The feeling of being a poor test taker seemed to be a consistent theme amongst students. 
However, for one student, Eesha, the thought of being a poor test taker did not come across her 
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mind. She made a distinction between problems that utilized more mathematical symbols and 
those that were more context based.  
The problem is I don’t … I don’t like the theory some. You know what I mean? Like the 
wording things. All I need to do is I need to understand that … the problem what they are 
going to say to me, like the question. I will understand that, and I will do it. 
She described “mathematics problems with words” as “English theory” and was quite adamant 
that the mathematics taught in India is not the same as the mathematics taught in the United 
States. When asked if there were any phrases or terminology she did not understand, she 
vehemently stated,  
I do understand English but...the problem is it’s a lot of things to do, but we don’t have 
English part as much as here we have. I have done. I wasn’t a standard. I did my, my 
practice book, my textbook, my ... every book in English in India and I have completed a 
whole thing and I scored full marks in my final exam.  
Eesha was baffled by the lack of connection between her former mathematics education and her 
current one. She reasoned that if she had “full marks” in India, it should translate in the United 
States. Now, she finds herself struggling to answer questions that she knows she can answer if 
given in a different form or structure. 
Eesha suggested that mathematics questions should not contain “English theory” because 
it does not showcase what a student knows and  
math is not an English thing. It’s a math. You just need to solve it. You know what I 
mean? Numerical … Here the guys have like the English theory in a math. Math is not an 
English theory. Right? It’s a Math. You just need to solve these things. Here, here is a lot 
of English words. So many people doesn’t know about it. So, it’s better you just make the 
math work math.  
Eesha appeared to believe that presenting problems with “English theory” disadvantages certain 
groups of students. Given that she understands mathematical concepts, Eesha believes purely 
computational questions would better demonstrate her mathematical fluency.  
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In her criticism of test item presentation, Eesha appeared to be exasperated by the fact 
that she had to “learn about dictionary” and “dictionary words.” One may even say she was 
offended when she stated, 
That’s not okay. Like, you should know that the normal word, you have to use for SAT 
so anyone can do that. It’s not easy for international students. 
This was in response to the phrase “standard deviation.” Rather than using the words “standard 
deviation,” she suggested more common or laymen terms like “how much it is off by from the 
center.” She stated time and time again that she does not like “English theory,” indicating that 
mathematics problems in the United States  
… it’s too detailed. We just have two-sentence question. The ... I’m ... when they used to 
say compensation, they used to say that salary. [Referring to Tom and Alison’s 
compensation problem]. So, everyone can understand that. They never use the common 
words. They have to use the common words so everyone can understand that that’s what 
they mean. We have to learn dictionaries. That’s the... that the thing of robots. You know 
what I mean?  
Her analysis of the terms used in standardized tests pinpoint a dichotomy in education. Students 
need to demonstrate their college and career readiness which involves learning appropriate 
terminology but embedding these terms marginalizes students who have not reached the 
language proficiency to understand “dictionary words.”  
Her impatience and irritation towards the way mathematical problems are phrased 
seemed to be interrelated to the differing instruction she experienced. She described how word 
problems in the United States can be very convoluted and made a comparison between the 
methodologies used in each country. 
We used to do like short way. We just end up in a short thing and they do long method, 
long step. We do in short step. 
Her use of the word we and they made it seem like she had not fully accepted the methods taught 
in the U.S. In fact, from the way she phrased her words and her intonation, it appeared as if she 
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was outright rejecting the U.S. way. She made the point that SAT scorers do not see students’ 
work and would not know if students were using a direct method or an innovative strategy to 
solve problems. She went on to criticize teachers’ pedagogical practice and discussed how the 
textbooks method differed from the way it was taught in the classroom.  
The problem is in our textbook. We can go over, we can understand it, and we can do 
how they show. They show in the short steps. You guys showed the long step. So, we get 
confused. Like what we should do. We almost forget our body language, our math and 
we started learning your math. And they are accepting like you have to do us method, not 
yours. So, that’s the problem. They used to do India’s method. It will be great, and it will 
be more powerful math for USA.  
Again, Eesha’s use of the words we and you pits the instruction she experienced in the United 
States against her native country. She alludes to the different style of instruction when she 
compared the number of steps required to solve problems. A possible reason for her “long” label 
may be the adaptation and implementation of the Common Core standards, influenced by the 
NCTM standards of the late 80s, which focuses on conceptual understanding over rote 
memorization. When the number of computational problems are reduced in standardized tests, 
ELLs do not have as many problems to fall back on to showcase their understanding. With the 
SAT aligning to the Common Core standards, it is understandable why she finds it frustrating.  
As we continued with our think-aloud, the researcher noticed that Eesha’s reasoning for 
the ratio question comparing Week 8 to Week 0 (see Figures 10 and 11) was incorrect, but her 
answer was correct. She was warned that even though she had it correct, she needed to 
understand how to arrive at that answer. Her response was 
Actually, we can understand the questions, but we can’t solve like you are saying. The 
simple method is I just know that the answer is this because I solved in my method and 
you won’t understand that method. Like, I am not able to explain you like what I mean to 
say because I don’t know how to explain everyone like ... It’s my ... I don’t know why, 
but I just got the answer and you told me that it’s right. 
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She appeared to be more concerned about getting the correct response than understanding the 
concepts behind it. Immediately after, she asked whether we were doing more problems because 
she wasn’t able to do them now. When asked if she would like to continue the interview on a 
different day, she indicated  
I have a lot of work to do. I’m not able to give a time for interview. This was the random 
one, actually. I need to do more things like the SATs. 
Her reply suggested that she was not committed to answering any more interview questions that 
would help her learn from her mistakes but would rather complete questions from a SAT booklet 
she bought online. It is interesting to note her lack of confidence in the researcher’s ability to 
understand her method. Wanting to respect her wishes and prevent any stress-related situations, 
the interview was concluded shortly after.  
Theme 11: Students’ Views of the Educational System and its Effectiveness 
Comparing Across Countries. It was found that students’ background played an 
important role in shaping the way they interpreted, conceptualized, and verbalized their 
understanding of mathematics. Some students reminisced the way they were taught back in their 
native country. For example, Eesha compared the presentation of questions with the following: 
Okay, so there is a question like: Rosa has already eaten 10 pretzels from a bag that 
originally contained p pretzels. If Rosa is able to eat remaining pretzels in 18 second, 
which of the following represents the amount of additional time, in seconds, needed for 
Rosa to eat all the pretzels in the bag. Right. You guys have this type of problems a lot, 
but we have just uh numerical. Like its ... if the question is the y equals x squared plus 
16𝑥𝑥 plus 20, that’s all you need to solve it. 
Others discussed how schools in the U.S. value breadth over depth and rationalized that certain 
topics were not covered or focused on in school. These conversations echoed the concerns found 
in the TIMSS 1999 Videotape Classroom study over the issue of convergence versus variability 
of mathematics lessons (Hiebert et al., 2003). Bhudevi acknowledged that unless students were 
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taking a Statistics/Probability course offered in school, they would not be exposed to probability 
and data analysis questions. 
The ELL Experience. When asked about the pros and cons of being an ELL, Eva spoke 
of only cons.  
[It] has some disadvantages cause you don’t...you sometimes you don’t know what the 
term is like, like, like for me. Like at the beginning ... when I was in Peru, I was like, very 
good at math. But then when I got here, my first year, I did pretty bad. I barely pass my 
classes because I couldn’t understand like ... what the word problems. Like I feel like if 
they were like, in Spanish, if they gave me the directions in Spanish, I will be able to 
solve them. But at the beginning, it was very difficult. I barely passed my math classes 
when I first got here.  
It seems that coming from another country handicapped her in many ways. Not only was she 
trying to acclimate herself to her new surroundings, but she was also underperforming in a 
subject that she once excelled in.  
 Eva was asked to compare the mathematics she learned in Peru with the mathematics in 
the U.S. She disclosed that her siblings in Peru, who were ages 7 and 10 during the time of the 
study, were currently learning the same topics she was learning in Algebra. Another student 
made known that the topics of Algebra are usually taught in their version of 4th grade. Their 
situations delineate differences in curriculum and foreshadows the disparity between countries’ 
mathematical performance. 
As someone who never used academic support for language, Bobby reminisced how he 
was in first grade in his native country but was placed in kindergarten when he immigrated to the 
United States. He believed that in his native country, placement was dependent on proficiency 
and that age was irrelevant. It was his understanding that he and his brother were too young to 
take a placement test and that the topics learned in kindergarten and first grade were relatively 
the same. He also mentioned that everyone in his home country spoke both English and their 
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mother tongue. He was just starting to learn English when he moved. He seemed quite perceptive 
because he noted that it was not frowned upon and people were not berated or attacked when 
they spoke a different language in his native country. However, in the United States, Bobby 
noticed that some people have a sense of resentment towards people of color who speak their 
non-English languages publicly.  
ESL Program. At the time of the study, the district was deliberating whether to pilot a 
Math ESL that coincided with Algebra and Geometry. Apart from this, the only school resource 
is ESL English. When asked if the ESL program has helped with math, Eva said  
Yeah, because of some of tests, there were word problems and it was a little difficult to 
understand...like I was good with the ones that were only numbers, but then the ESL like 
kind of helped me understand a little better. So, it did help a lot. 
Some students, like Eva, suggested that there should be an ESL Math class in the district. She 
indicated that her current ESL-English class provided basic knowledge to communicate with 
others but does not provide content-specific vocabulary. Her suggestion stemmed from having 
previously taken a subject-based ESL class. 
I had an ESL class that helped me with science. I had...I had an ESL class that helped me 
with science. I do remember that. It was like the intermediate level and she did teach like 
science stuff like the body and like those kind of things. The name of the bones, but I 
never had anything from math so that, I think they should have it.  
One bilingual student revealed that his mainstream math teacher who happened to speak the 
same language, was able to “translate stuff once or twice, but it wasn’t like a custom” (Eduardo).  
 During some of the interviews, students were questioned whether they thought they were 
placed in an appropriate mathematics class. Some conversations turned to when it is appropriate 
for a student to exit an ESL program. Eshma shared an anecdote from fifth grade. Her ESL 
teacher did not believe she could place her out of the ESL program. Her teacher said, “For sure 
you need ESL for middle school” and “There’s not even a point for me to test you out of it.” 
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Only after her mother got involved did the instructor allow her to take the exit test. She described 
with elation the look of surprise on the teacher’s face when she passed. She felt that without 
advocating for herself, she would have fallen behind in the general curriculum.  
Comparing Across Subjects. In school, SAT preparation has brought about test-prep 
classes offered during the school year and SAT bootcamps. In core mathematics classes, students 
may get daily SAT warm-up questions or Do-Now’s. Exposure to SAT-like questions depended 
on the structure of the student’s math or SAT-prep class and instructor. For example, when asked 
about any unfamiliar SAT-M terms, Nicole noted that she learned all the mathematics 
vocabulary terms and procedures in her Algebra II and Precalculus class. As for Nadia, when 
given a transformation question, she could not recall the rules. She knew she would have to 
eventually memorize them come test date but since she was allowed notes during tests in her 
mathematics class, she felt that there was no need to remember the transformations rules now. 
Reflecting on whether the types of questions given in his mathematics courses were 
similar to the SAT, Nolan responded, 
we do a lot of practice problems in there, but it’s like less of the wordier problems. We 
don’t really like focus on those as much. Like we still go over them, but like, they’re not 
like as … there not like the main focus. 
He stated that his teacher would assign a few word problems for homework. Emilia indicated 
that she does not receive similar types of questions in her mathematics class. Rather, the 
problems given to her are watered down and easier to practice with. Eduardo suggested that 
Algebra II gave similar, wordier questions comparable to the SAT but Geometry was more 
direct, asking students to solve for variables and graphs. Both Bobby and Bhudevi mentioned 
that the SAT purposefully tricks students and that they are set up to fail due to the wording of the 
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problems and the time constraints. These limitations are not as prominent in the classroom. As a 
result, they believe that the SAT is not an accurate gauge of their mathematical knowledge.  
Qualitative Analysis – Teachers 
As linguistic diversity increases throughout the United States, so does the need for 
teachers to be prepared to teach students from various language backgrounds. Given the 
achievement gap that exists between ELLs and their native-speaking counterparts, this becomes 
a critical issue, as preparation for standardized tests and academic success for these students is 
greatly influenced by the effectiveness of instruction they receive. Responses to the teacher 
surveys and interviews provide important information that can be used by teacher educators, 
teacher-education programs, and teacher candidates in supporting the academic-language 
development of English learners in content areas such as mathematics. In addition, teachers’ 
reflections on the ramifications of standardized tests like the SAT-M may afford others a glimpse 
as to how they monitor, assess, and improve student progress. 
Nine teacher participants were recruited from three high schools in the district and their 
teaching experience ranged from 10 to 26 years (See Table 4). Three teachers were fluent in a 
different language but rarely used their language expertise to instruct in their classrooms. Almost 





Teacher Subject Years Teaching in the district 
Tahani Mathematics 10 
Takei Mathematics 17 
Tali Mathematics 10 
Tamsin ESL-English 11 
Taylor Mathematics 11 
Teddy Mathematics 9 
Theodosia Mathematics 10 
Tomas Mathematics 18 
Trenton Mathematics 24 
 
Language 
A few teachers were able to differentiate social language from academic language and 
claim that it would take 1 to 2 years for “a person who is completely immersed in any language 
other than their native tongue” to be comfortable with the English language (Tomas). For 
mastery to occur, many of the teachers predicted at least 2 to 5 years. However, one teacher 
responded that the time needed to acquire a second language is “too variable a span of time 
depending on the learner’s drive, effort, exposure, and ability to practice” (Trenton).  
When asked whether they thought math language would be considered different from the 
English language, many of the teachers asserted that mathematics, at its core, is universal. Tomas 
describes how it is impossible to separate the teaching or learning of mathematics from the 
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spoken and/or written language because context and vocabulary are the tools in which we 
communicate mathematical concepts to one another. Another teacher, Trenton, explained,  
Although number manipulations and calculations can be more universally understood and 
translated, math as a full entity is comprised of more than that (conceptual understanding, 
problem solving, and practical application). It is functioning with the latter concepts in 
mind that the two very much diverge. It is with the understanding of “words” that Math 
as a complete entity takes on its true meaning. This is evidenced even when you consider 
the difficulties within the same language. The barrier to understanding what to do in math 
can often be found in the lack of clear understanding and interpretation of words within a 
person’s native language.  
There are challenges for both ELLs and teachers of ELLs as each try to communicate their 
mathematical thinking. As Moschkovich (2013) points out, the language of mathematics is not 
just specialized vocabulary but also includes syntax, organization, and the communicative 
competence necessary for participation in mathematical discourse practices.  
All in all, many of the teachers agree that understanding numbers and how they work is a 
language unto itself. They warn of the possible language difficulties students may have, such as 
vocabulary, reading text, knowing when to exclude irrelevant information, knowing when 
information is given out of sequence, and directions. For example, Tali cautioned that certain 
content-specific vocabulary used in mathematics is not typically used conversationally. 
Therefore, the only context for these terms is often only found during math class. Others reason 
that mathematics vocabulary may be difficult to learn because some terms may have different 
meanings across disciplines (e.g., product in terms of manufacturing and product in terms of 
multiplication). Moreover, there exist words and terminology that represent the same concept 
(e.g., roots, x-intercepts, zeroes all signify where a function may cross the x-axis). All things 
considered, teachers acknowledged that while content-related vocabulary make up an important 
component of academic language, academic language also refers to mathematical concepts, oral 
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and/or written instructions, and the words and phrases used to connect ideas and communicate 
meaning.  
Placement of ELL 
When the issue of placement arose, many teachers explained that placing ELLs in a 
lower-level math class, despite good mathematics skills, may be the best case scenario  
barring a concerted effort to make sure both the student and teacher are fluent in the same 
language. (Trenton)  
Having ELLs relegated to a lower mathematics tracks occurs because  
those placing the students are unable to tell the difference between the students’ 
deficiencies (if any) in math skills and their deficiencies in English language proficiency. 
(Tomas) 
Providing ELLs access to the same level of rigor as other students is an essential aspect in 
supporting their overall academic success. At the organizational level, schools need to consider 
the implications in the production, maintenance, and legitimization of educational inequality. 
Some policies adopted by school districts may generate and perpetuate social inequities. 
Takei discusses that on an even playing field, many of his ELL students would be on par 
or even better than some of his native English-speaking students. Both Takei and Tomas’ 
opinion of the practice of putting these students in a low-track mathematics class is that it is far 
from perfect, but probability the best option given the lack of any alternatives. Takei mentions  
[t]his practice is not necessarily fair, but we just don’t have the resources in order to have 
a native speaking math teacher for every language that appears in our classrooms.  
Tali looked at this issue from an administrative standpoint. She deliberated that counselors do 
not want students who are new to the school and/or new to the country to feel overwhelmed with 
the workload. Tamsin, the ESL instructor, not only explained why students may be placed in a 
low-track mathematics course but also discussed why she thinks it is acceptable for a first year 
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ELL student. Even teachers who speak a second language stated that the task of teaching 
mathematics effectively to ELLs is daunting. Their pessimistic attitudes underscore their belief 
in the numerous fallacies surrounding the education of ELLs and their skepticism in overcoming 
students’ language barriers.  
Supports/Accommodations in School 
As a nation, many teachers have not received special preservice or in-service training in 
either second language development or pedagogical strategies for working with students learning 
English. Even with this lack of training, the teachers interviewed addressed multiple dimensions 
of instruction in an attempt to provide their ELLs with opportunities to learn the same rigorous 
content as their English-speaking counterparts. 
At the time of the interview, bilingual mathematics classes were not offered at the 
research sites and many of the teachers have voiced their concerns and suggest that the supports 
offered in the district are not enough. For example, both Tahani and Takei believe there should 
be a bilingual math class for ELL students. However, Tali pointed out that  
our ELLs don’t all speak one language. We would have to have multiple classes to 
accommodate each language spoken. Also, all the speakers of a particular language may 
not be at the same [mathematical] level. Differentiating instruction is important, but it 
would be difficult for a teacher to have Algebra I students and Pre-Calc students [all] in 
the same class.  
These responses reveal a pervasive belief that the real teaching or learning of English for ELLs 
occurs in the ESL-English classroom.  
Even with a low sense of efficacy, teachers did what they could to provide a learning 
environment that would support the active engagement and participation of all students. From the 
preliminary surveys, it was shown that many of the instructors, who found it challenging to teach 
ELL students, either used Google Translate to translate documents or relied on students of 
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similar backgrounds to assist in translation. If they were not fortunate enough to have a student 
of similar background in the classroom, sites like CK12, ALEKS, IXL, and other software have 
been used to further instruction. Some teachers have tried to work with English learners one-on-
one, rephrased questions in various ways, write down problems in mathematical notation, 
provide visual representations and/or context clues, and/or offer cues and manipulatives. Tali, for 
one, would break down a problem to discuss what certain words mean. She also emphasized 
underlining key phrases to direct students’ attention to what it is they were solving. Analysis of 
their responses suggests that teachers focused solely on providing linguistic support, without 
attempting to incorporate students’ diverse cultural backgrounds in the classroom.  
Reasons Why Questions are Difficult for ELLs 
ELLs have the dual task of learning a different language and content simultaneously. To 
teach English learners effectively, teachers would need to not only make lessons coherent but 
also ensure that students have the language needed to understand instruction and express their 
conceptual knowledge. Every teacher in their survey had specified certain problems from both 
the old and the redesigned SAT-M that were either too wordy or utilized specialized technical 
vocabulary. “Deciphering either the nuance of the question or just the potential of confusion 
brought on by the number of words” may be cause for difficulty, especially for students learning 
the English language (Trenton). For example, in the redesigned SAT-M, questions 2 and 3 have 
at least four lines of words to set up the context of the problem. ELLs would then need to be able 
to read and translate the situation into a graphical framework. Along the same lines, questions 7 
and 10 from the new SAT involve sampling methods and margin of error, concepts that may 
prove to be problematic for students who do not speak English because context is usually needed 
to set up the question and answer choices are usually explanations. Students would need to sift 
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through the answer choices after determining what the question is asking for. Taylor recalled that 
most students are unfamiliar with statistical concepts and identifying the most appropriate 
sampling method unless they had taken a Statistics class or SAT prep course.  
Similarly, Question 3 of the old exam (see Figure 28), as noted by Tamsin, require 
students to mentally visualize the situation even though a visual is provided. In this problem, 
students would need to make the connection of nodes in a network to the terms towns, detour and 
route. Tamsin also acknowledged that English learners may be prone to error with multi-part 
questions, even though they are broken into pieces such as problems 13, 14 (see Figures 10-12), 
37 and 38 of the redesigned SAT-M. Theodosia predicts terms like indicates, detour, via, 
consecutive or the phrase “solve y in terms of x” may cause difficulty for ELL students. 
Reasons Why Questions are Difficult for the General Population 
If students, regardless of language proficiency group, performed similarly, it comes as no 
surprise then that teachers designated certain questions as difficult for the entire student 
population. Even though Question 10 of the redesigned SAT-M was mentioned as a topic of 
difficulty for ELLs, it was again noted by many teachers that the general population would have 
trouble with this question because of students’ unfamiliarity with statistical concepts. For the 
same reason, problem 11 of the same test, which involves standard deviation and mean, was 
selected by teachers to be a difficult problem. Taylor included questions that involve working 
backwards to identify the answer into the mix of difficult questions. But for the most part, 
teachers identified questions that required extensive reading comprehension in both English and 
Mathematics, such as problems 13 and 14 of the redesigned SAT (refer to Figures 10 and 11). 
Tali suggested ELLs may have trouble differentiating what is relevant and irrelevant from the 
graph and that the problem requires students to jump from mathematical context and graphs to 
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mathematical notations involving different representations of ratios. Theodosia identified the 
same two questions and indicated that they require managing of different tasks and switching 
between multiple demands. Both Tali and Theodosia predict that similar, highly contextualized 
word problems may cause math anxiety and apprehension.  
Other pitfalls that the general student population may fall prey to are algebraic 
manipulation of literal equations. As stated by Trenton, students are often more comfortable 
working with fewer variables. For example, problem 23 of the redesigned SAT utilizes concepts 
from Algebra I, which asks which equation represents the linear relationship shown in a table of 
values. However, the values in the table all contained variables. Students are more accustomed to 
creating equations out of concrete numbers. Trenton also mentioned that many students will not 
recall exact formulas which could potentially “lead to unintended error with interpreting parts 
based on the way the answers are laid out.” Additionally, Trenton proposed that mixture 
questions like problem 21 of the redesigned SAT-M are difficult for students to comprehend 
because they will try to use their understanding of logic without calculating. Moreover, many 
questions require an extensive understanding of Algebra II topics. Depending on the current 
mathematics class and level that a student is enrolled in, they may not have covered the 
necessary material yet. Other problems from the redesigned SAT that many of the mathematics 
instructors said may cause unnecessary anxiety due to its complex wording include questions 16, 
18, 20, 26, and 29, all of which require reading of at least 4 lines of words.  
From the old test, Trenton identified question 5 (refer to Figure 7) due to its “subtleties in 
vocabulary” which may confuse test-takers. Finding a possible value for x is not the same as 
finding 𝑥𝑥. Teachers like Trenton and Tomas have admitted that they seldom ask these questions 
in their own classrooms and word problems are given at the end of a lecture and/or homework 
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set and usually after students have developed procedural fluency. With little coverage of word 
problems, it comes as no surprise that students have difficulty with these types of problems. 
Taylor correctly identified the two lowest-scored MC questions on the old SAT-M, 
namely questions 6 and 8. For problem 6 (refer to Figure 13), he justified his pick because  
not all high school students have a solid foundation with probability and statistics, even 
those who understand algebra well. These problems may be understood simply because 
of statistical vocabulary. 
Problem 8 (refer to Figure 15) requires logic and students often have difficulty with these types 
of problems because they are adept at memorizing and regurgitating facts, but not critical 
reasoning or thinking. This may be indicative as to why “student[s] may not be able to read a 
scatterplot, construct a cohesive argument, or identify a logical fallacy” (Belkin, 2015, p. 1). 
As we moved on to student constructed response questions on the old exam, many of the 
instructors repeated the same reasons as to why students may find a problem difficult from the 
redesigned SAT-M: wordiness, translation errors, cognitive overload, etc. Tahani spotted words 
like “compensation” that could be replaced with simpler terms. Tomas warns of the pitfall of not 
counting the product 60 twice in the probability question involving sets j and k (refer to Figure 
9). He also noted question 18, which involved solving for the value of 𝑡𝑡 in the equation 𝑡𝑡𝑥𝑥 +
12𝑦𝑦 = −3 given that the slope was −10, for its complicated manipulation of the variables in a 
given linear equation. Other reasons for difficulty specified by teachers include fractions in 
question 15 of the old exam (refer to Figure 26) and test format. Some teachers did comment 
how there were fewer questions in the older exam, but none were aware that there were more 
open-ended questions, which may take students more time to solve.  
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Solvable Questions Regardless of Language Proficiency 
Many of the mathematics teachers indicated that certain mathematical questions are 
rudimentary in nature “because they are almost exclusively made up of mathematical notation 
and symbols and do not necessitate much English language comprehension” (Tomas). For 
example, problem 4 of the new SAT which asks for the value of 3𝑥𝑥, given that 20 − 𝑥𝑥 = 15 was 
said to come from a basic understanding of Algebra. Other questions that follow the same pattern 
include question 1 of the old exam and questions 4, 5, 6, 9, 27, 30, and 32 from the redesigned 
SAT. They were deemed as simple enough for students of any language ability to answer 
because of its straightforward structure and lack of words to decipher. These questions could be 
answered by directly solving for an unknown variable or plugging in values from the answer 
choices. If students had a basic understanding of function notation and substitution, these 
questions would be fairly straightforward to solve. 
Performance on Old SAT-M vs. Redesigned SAT-M 
All teachers, bar one, designated Section 6, the old exam, as comparatively easier. Their 
reasons ranged from “the old SAT seems more straightforward” and “the new SAT contains 
many word problems that ELL students may not comprehend” to “the old exam itself is shorter 
and the problems themselves are not as long.” Tomas went even further by comparing 
performance on tests among groups’ language proficiency:  
I think that students overall would score better on the old SAT than the new one as a 
result of the questions being a bit more direct. I also think that ELL would score 
significantly lower on both tests than native speakers, and that this difference would be 
amplified on the new SAT due to the length and complexity of the newer questions.  
Taylor suggested that the newer exam was more difficult because of the type and nature of 
questions asked. The higher level of difficulty may be attributed to statistics-related questions, 
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advanced Algebra questions, and questions involving an extended knowledge of a few concepts. 
Trenton, however, was a little more resistant in finalizing his choice when he commented,  
If I had to make a general statement, test 6 [old SAT-M] is shorter and visually less 
wordy which could be a surface indicator of more ease. However, depending on students’ 
background, knowledge, and ability, the nature of the questions could result in the 
opposite.  
The one instructor who did not state that older SAT-M was easier, indicated that students would 
perform similarly on each test. She claimed that both tests present similar types of problems, 
requiring mathematical fluidity between multiple representations and systems (Theodosia). 
Evaluation of Tests 
 An assessment should be evaluated against the educational principles of content, 
learning, and equity. Therefore, the question instructors and policymakers should ask is which 
test, if any, better represents what students have learned? When teachers were asked this 
question, there was a mix of replies. Trenton, for example, firmly believed  
the new version is much better at showing what students know in terms of content, 
understanding, and interpretation. 
Tahani, for the most part, agreed with Trenton’s statement about how the SAT is a good 
indicator of how strong students are in mathematics. However, she inferred this would only 
apply to students who are not English learners. She and Taylor felt that students may struggle to 
demonstrate their knowledge, especially if they cannot read the questions due to language 
barriers.  
The College Board has reassured students that concepts tested on the SAT-M section are 
covered in high school courses. However, Tali revealed that many of the questions on the SAT 
were  
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not indicative of what [she] generally teaches in [her] math classes. When teaching SAT 
prep, it’s mostly strategy, like plugging in and PITA [plugging in the answers]. Not 
necessarily what students can actually do in math. 
She discusses her use of nontraditional methods for SAT and traditional strategies for her general 
mathematics classes. As for Tomas, he felt  
the SAT only showcases what students know to a certain extent. Instead, the SAT is more 
telling of how good students are at taking a standardized test. 
Takei seems to be in agreement when he claimed that many of the problems presented on the 
SAT are not straightforward questions designed to assess students’ mathematical abilities. He 
believed the SAT is more on par with other IQ tests that go beyond commonly taught math 
practices.” Theodosia also pointed out that there are far more skills and concepts that students 
learn over their mathematical careers than can be represented in one single test.  
Teachers divulged a variety of reasons for why they think the SAT may not be an 
accurate assessment of students’ mathematical skills. Aside from problems requiring more 
advanced vocabulary and interpretation, several teachers mentioned time limit and length of 
questions. The more time it takes a student to read a problem, the less time they have to interpret 
and solve. If students do not read carefully, they could inadvertently answer a question 
incorrectly. Tomas suggested eliminating  
questions that are unnecessarily lengthy, especially those whose only purpose is to try to 
mimic a science or social science question. Questions that are intentionally deceptive 
should be eliminated as well. I would prefer to see students being tested on their 
mathematical ability using more straightforward methods. 
Trenton, who believes the new version is a better representation of what students know due to its 
alignment with the Common Core, claimed that  
[t]he question is not how fair the test itself is, but what should be done to assure the ELLs 
have the same level of understanding of what is being asked. However, I would seek to 
simplify a small percentage of the questions that have what, I believe, is an unnecessarily 
complicated presentation of what is being asked. 
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From his experience, concepts covered, and types of questions asked should be influenced by 
best teaching practices. He is of the mindset that students achieve deeper understanding when 
subject matter crosses over to other disciplines. Learning how to interpret graphs as a stand-alone 
concept would not be relevant without applying it to historical and/or scientific content. Even 
though he believes students may perform better on the older exam, he prefers the new SAT 
because it promotes interdisciplinary application of concepts and encourages implementation of 
questions that promotes depth of knowledge. 
 In the wake of the Varsity Blues scandal, there is now a more widespread awareness of 
the advantages that certain students benefit from throughout the college application process. 
Takei expressed his opinion that the SAT is 
primarily formatted to separate the upper 20% of students. Most of the questions require 
a strategy that is not taught in traditional math classes in order to solve them. Therefore, 
the common student would never have the proper knowledge or training in order to solve 
most of the problems. 
Teachers like Takei listed a few disadvantages in addition to language barrier such as learning 
disabilities, socioeconomic disadvantages, etc. that would make a test a nearly insurmountable 
hurdle. Tali begrudgingly stated, 
all standardized tests are unfair. Children from more wealthy socio-economic 
backgrounds have better access to tutors and different (usually higher) quality education 
from their school districts. But it speaks to overall systematic issues throughout our 
culture. If you can afford to live in the nicer neighborhood with better schools, of course 
you’ll do better on the SAT. 
A few of the teachers have suggested that to be considered a fairer assessment, the College 
Board would need to provide accommodations or modifications to level the playing field. In that 
way, the test will serve its purpose in distinguishing between students’ academic abilities without 
other factors confounding scores.   
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Chapter V – Conclusion  
The purpose of this mixed-methods study was to identify differences between the new 
and old mathematics sections of the SAT, to understand how ELLs, bilingual students, and 
native English speakers approached SAT-M problems and to see if there was variability in their 
problem-solving methodology, and to explore teacher perceptions of the SAT-M. Chapter IV 
provided a quantitative and qualitative perspective of the participants from Spring 2020. It also 
presented portraits of the teachers, which included their pedagogical philosophies in terms of the 
SAT-M. This chapter summarizes the study, discusses both the quantitative and qualitative 
aspects of the findings, offers implications, and makes recommendations for future research.  
Summary of Findings 
The influx of ELLs has challenged the United States in areas of the educational system in 
terms of classification and assessment in content areas like mathematics. ELLs are overladen 
with the tasks of becoming proficient in English while simultaneously trying to master the 
objectives and concepts required for the SAT. This research study applied a more comprehensive 
design to determine and understand why students answered SAT-M questions the way they did 
and to see if language ability played an effect. The quantitative part provided the foundation of 
the study while the qualitative aspect provided a more holistic view through the analyzation of 
surveys and interviews to answer the following research questions: 
1. What patterns of differential performance are there between the new SAT-M and old 
SAT-M? 
2. Is there differential item performance between ELL and non-ELL students on the new 
and old SAT-M? If so, what are they and why? If not, are their cognitive processes the 
same? 
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3. What are teachers’ perceptions of the issues related to language that may be prevalent in 
the old and redesigned SAT-M? 
Results from the analyses have shown students displaying significantly stronger test 
performance on the redesigned SAT-M than that on the old SAT-M, answering Research 
Question #1. In addition, data showed no relevant group differences on the redesigned SAT-M, 
nor on the old SAT-M. In other words, the three groups showed similar performance on either 
test. Since performance on tests were relatively the same for each group, the researcher looked at 
students’ cognitive processes to see how they answered certain questions. Through the use of 
frequency tables, difficulty indices, students’ answer sheets, surveys, interviews, and think-
alouds, nineteen relevant themes (11 student themes and 8 teacher themes) were found. 
Interviews were used to gain more insight into each participant’s personal history, sense 
of preparedness, responses in test items, and survey results. Data derived from the think-alouds 
showed that aspects of language, in particular vocabulary, both mathematical terminology and 
every-day terminology, was an inhibitor for student understanding. Contextual misunderstanding 
of excerpts as well as graphical misinterpretation were all hindrances, not only to ELL students 
but also native English-speaking students. In addition, students from each group showed many 
instances of mechanical application or memorization of procedures, which is reflected when they 
attended to relevant information but could not explain during their think-aloud why they chose 
that specific method. In the cases where students missed a question but had most of the 
procedures correct, retention was evident, but transference was not. Furthermore, many students 
were committed to a certain procedure without thinking of alternative methods that would 
simplify their calculations.  
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Another prevalent theme found in all language proficiency groups was students’ use of 
metacognition. As students thought aloud, they were able to reflect and monitor their own 
thinking. Frequent errors that students self-identified included not looking carefully at what was 
asked, prematurely selecting an answer without looking at all options, not using approximations 
to see if answers are reasonable, forgetting to check answers, and selecting distractors. By 
evaluating their procedures, students were able to weigh between various methods: numerical, 
graphical, analytical, etc. Additionally, students used a variety of methods to solve SAT-M 
problems. At times, students would work from the answer choices or plug in to solve multiple 
choice questions. For others, students applied more traditional methods to solve. Students 
seemed to struggle more on the grid-ins compared to the multiple-choice sections. Data showed 
that the problems towards the end of both the multiple choice and student produced response 
sections were the most difficult for the student participants.  
After completing the SAT-M sections, students were tasked to compare the two 
assessments. Six students self-reported that the redesigned SAT was harder whereas twenty-one 
students indicated the older version was more difficult. Fifteen students thought the sections 
were relatively the same in difficulty level and sixteen did not answer. Even though more 
students indicated the older SAT-M was easier, students performed better on the redesigned 
SAT-M. All and all, almost every student rationalized that the length of the question and the time 
constraint had a confounding effect. This rationalization could explain why some students 
answered questions correctly during the interview but not during the exam.  
Student struggle was evident by their lack of confidence, hesitation, and need for 
confirmation. At times, students became defensive or confrontational when they could not solve 
a problem, stating that if problems had less “English-theory” or language demand, the questions 
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would be easier to answer or explain. Finally, transcripts also revealed students’ views of the 
educational system and their readiness to take on the SAT.  
These eleven student themes and corresponding statistical tests revealed contradictory 
results: students performed significantly better on the SAT-M (that had more contextualized 
word problems) and groups of varying language abilities performed similarly on both versions of 
the SAT-M. Even though students performed similarly in terms of number of questions answered 
correctly, the think-alouds indicated that the students’ cognitive processes were not all the same. 
Despite these differences, the students share many of the same challenges, particular among 
those in the same mathematics track.  
Survey data was used to examine not only students’ problem-solving methodology but 
also teachers’ attitudes about and perceptions of students’ preparedness for the SAT-M. To 
answer Research Question 3, teacher surveys were given to document their experiences with 
standardized tests and their philosophies regarding the teaching and learning of mathematic with 
regards to English learners, such as the placement of ELLs in the classroom and the supports 
and/or accommodations afforded to them. The surveys and interviews uncovered reasons why 
teachers may think certain questions may pose more difficult than others on both the old and new 
SAT-M. With these various sources of data, a more holistic understanding of the effects of 
language on the preparedness of students for the SAT-M are attained, and, thereby, serve as an 
example for teacher preparation. 
Discussion and Implications 
This exploratory study is a contribution to the body of research regarding ELLs and high-
stake assessments like the SAT. The study not only focused on how students of varying language 
proficiencies performed, but also assessed the ways in which students approached answering 
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SAT-M questions and the ways in which teachers perceived the difficulties that certain ELL 
students would have. In the process of answering Research Questions #2 and #3, we find 
ourselves faced with several fundamental and sometimes conflicting philosophical questions: 1) 
What is language, 2) How do we explain the discrepancies found (e.g., students performed better 
on the more heavily contextualized version of the SAT-M and groups performed similarly on all 
versions of the SAT-M) and 3) Is reform curriculum equitable?. 
Tension 1: Language 
When students were asked to identify terms or phrases that inhibited understanding, there 
was an emphasis on vocabulary. Vocabulary played an integral role in the understanding and 
interpretation of problems, but language encompasses culture, discourse, norms, linguistic 
interference, etc. There are multiple manifestations of language with multidimensional layers. It 
was noted in the analysis that the term “standard deviation” gave students difficulty. Even 
though it was classified as an issue of not being taught in their general mathematics courses, 
there are other factors at play. For example, different cultures express the concept of standard 
deviation differently. When translating a concept between a primary or secondary language 
and/or vice versa, there may not be a suitable or equivalent translation. In addition, a negative 
cross-linguistic influence may occur where translations lose its original meaning, style, or intent. 
For example, in Galvao’s (2009) case study of Portuguese interference in abstracts translated into 
English, he claimed Portuguese as being wordier and having more stylistic ways of conveying 
meaning. He discussed how translators may have difficulty translating a Romance language, 
which usually has a more flexible word order and sentence length, into a Germanic language (p. 
21). Furthermore, some languages are referred to as “free word order language,” meaning that 
differences in word order do not affect the basic semantics of the sentence. English, with its fixed 
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order of subject-verb-object arrangement, may have different meanings based on the order of 
words (Isurin, 2005, p. 5). These grammar principles and the issue of cognitive processing are 
related to Cummin’s cognitive underlying proficiency theory and can be reflected in English 
learners’ attempt to balance the different syntactic/grammatical and lexical/semantic rules 
between languages. Galvao also found interference to be more frequent in humanities, social 
sciences, and history due to its wordier and subjective nature. With the College Board modeling 
their SAT-M problems in the field of humanities and social sciences, it would be wise to further 
investigate or make a comparative analysis of the interference phenomena between a student’s 
primary language and target language.  
Analyses also showed that if content-specific words were replaced with more colloquial 
terms and/or phrases, some students had a better understanding of the word problems. In some 
cases, knowing just one word gave ELL students enough context to solve; in other cases, not 
knowing key terms presented too high a barrier for students to overcome. Some students were 
able to identify the specific terminology that prevented them from answering problems such as 
integer and product. On occasion, students understood each individual word in the problem, but 
when the words were put together, the students could not understand what was being asked due 
to the cognitive demand required to translate and interpret at the same time.  
The research study surmised that many of these student issues stem from language or a 
matter of not having taken a mathematics course that would introduce relevant constructs tested 
on the SAT. Abedi and Lord (2001), who investigated the effects of reducing linguistic 
complexity, suggest that the performance gap between English learners and other students can be 
reduced by modifying the language of the test items to reduce the use of low-frequency 
178 
vocabulary and complex language structures that are incidental to the content knowledge being 
assessed (p. 232). 
From these instances, we also saw that inadequate understanding, or a misunderstanding 
of graphs and diagrams hindered students’ progress. Students need to consider whether the 
graphs are labeled sufficiently, the way the scale is represented, and whether the graph showed a 
full picture or a select frame. They also need to be wary of diagrams not drawn to scale or weigh 
the pros and cons of redrawing a figure to exaggerate certain characteristics to avoid any pitfalls 
due to assumptions. Connecting processes, reorganizing ideas, and retrieving information for 
later use occasionally has the effect of overloading students’ cognitive processes which in turn is 
reflected through their SAT-M performance and attitude. 
The interviews and think-alouds also highlighted the role repeated memorization or rote 
learning has in many students’ approach to solving SAT-M questions. Students, both ELL and 
non-ELL, often appeared to approach problems without much thought. In some cases, 
memorizing arbitrary sequences to solve problems was sufficient. Other times, students would 
employ a mindless parroting of procedures, indicating that they did not really understand the 
more advanced concepts behind the memorization. For example, students would see a squared 
term and begin factoring immediately, without setting the equation equal to zero. Additionally, 
the reliance on certain methods (such as the use of graphing calculators) can restrict or enhance 
certain student practices. The graphing calculator incident with Bobby revealed an equity issue 
because students who are placed in lower track mathematics classes may not have had the 
opportunity to learn how to use graphing calculators to simplify procedures and minimize steps. 
Advanced calculators would save experienced users time solving more complex problems, 
potentially inflating test scores for those who can afford them and putting other test-takers at a 
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disadvantage. With ELLs consigned to lower mathematics tracks, inaccessibility to graphing 
calculators may confound their performance.  
Time constraints and mathematical problems that contain long passages also present 
seemingly impassable barriers for students, especially students learning the English language. 
Within the debates about assessment, there is a need for more attention as to what and how we 
should assess ELLs. Following the guidance of the Common Core, the SAT-M introduced more 
word problems to assess the students’ ability to succeed in college and/or career. In view of this 
problem of ELL’s being handicapped by their academic English proficiency, one wonders why 
College Board does not test for both: the “wordy” problems and the straight operational, numeric 
problems, just as a means to tease out the ability of the latter.  
Tension 2: Literature Review vs. Findings 
It is noteworthy to mention that students in Group 1 were not given accommodations for 
this study. Even without additional time, bilingual glossaries, and translated directions, the 
emergent bilinguals did just as well as the native speakers. There are several hypotheses as to 
why this was the case. The researcher posits that the make-up of Group 1, which consisted of 
current and former ELL students, may have played a role in raising their overall average score. 
Several of the students who were classified into Group 1 due their prior use of academic support 
services have been out of the ESL program for several years. Only two of the six members were 
still receiving ESL services during the time of the interviews. In addition, the qualitative analyses 
indicated that there were differences in abstraction and students’ perseverance or desire for 
direction within each language group, suggesting that the patterns found may be more in tune 
with a students’ track level and/or class rather than their current and former WIDA language 
levels.  
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Quantitative results also showed that students performed better on the more text-laden 
word problems even though more students indicated the older exam was easier, contradicting 
several theories mentioned in the literature review. Several reasons could have contributed to this 
finding. One possible explanation is that the district offers SAT Prep as a mathematics elective to 
students as well as several SAT Bootcamps during the school year. Teaching to the test allows 
for the prioritization of certain strategies and for the use of linguistic and/or mathematical 
practices not found in a general mathematics classroom. Instruction would be organized around 
test questions rather than content knowledge, diminishing the validity of test scores as a proxy 
for aptitude. A second possible reason is the difference in the ratio of multiple-choice questions 
to student constructed response questions. Both SAT-M sections had the same amount of grid-in 
questions, but the SCR questions made up almost half of the questions on the old exam. The time 
constraint along with the amount of problems that require more traditional methods to solve may 
be contributing factors to the lower performance found on the older exam.  
Tension 3: Contextualized Word Problems vs. Equity 
When asked to reflect upon their previous schooling and/or instruction, some ELLs have 
indicated the differences in style of questions while others discussed their incorrect placement in 
the ESL program. At least two students described how they excelled in mathematics in their 
former country but seemed to struggle in their first mathematics class taught in English. Overall, 
many of the interviewed students had some sort of preparation for the SAT through daily warm-
ups but word problems were not a main focus in their general mathematics classes.  
Researchers like Lubienski (2000), Delpit (1988), and Boaler (2002) question whether 
contextualized mathematics problems are advantageous for all. Although some students may 
benefit from these reformed mathematics problems, using real-world applications can have 
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drawback due to differences in students’ interpretations and approaches and uneven access to 
relevant knowledge, among other difficulties. Boaler (2002) argues that schools reproduce a 
“culture of power.”  
[P]rinciples of reform exacerbate inequalities because cultural and linguistic minority 
students expect and want teaching to be more direct, with explicit communication of rules 
to which society attends. (p. 240)  
The use of abstract mathematical context may seem more inclusive but inadvertently can 
accentuate differences between students. Lubienski (2000) describes how the repetition of 
algorithms may seem tedious and ineffective at promoting true understanding as compared to 
reform mathematics but can actually provide a sense of an even playing field (p. 9). This is not to 
say that reform-oriented problems should be eliminated and replaced. In fact, it has been found 
that authentic pedagogy that centers around the application of ideas is effective.  
However, one significant problem with contextualized word problems is that students are 
required to “engage with the contexts as though they were real and to ignore factors that would 
pertain to real-life versions of the tasks” (Boaler, 2002, p. 251). In other words, not only is 
familiarity of the topic required, but students would also need to overlook certain constraints. 
Boaler discusses how a question about the most cost-effective tickets (i.e., a weekly pass vs. 
daily tickets) can become quite complex when students consider other variables (i.e., how often a 
weekly ticket is being used and by how many people). Many students situate their reasoning in 
the context of their lives, highlighting the fact that making school mathematics more relevant 
requires much more than providing real-world context. Therefore, consideration of curriculum 
and how it is taught requires asking ourselves what goals are intrinsically more valuable. 
Due to the questions asked in surveys and interviews, teachers’ foci generally centered on 
the effect of language, placement of ELLs, the accommodations instilled in their school and 
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classroom, and evaluation of the old and new SAT-M tests. According to their answers, content-
specific vocabulary and questioning technique impacted students’ learning and approach to 
solving SAT-M questions. The teachers recognized the challenges for their students, both ELLs 
and non-ELLs alike and the limits to provide a more equitable ESL program. Notions that ELL 
placement in low-track mathematics courses is inevitable and that the SAT excludes those most 
vulnerable, underscore an attitudinal deficiency shared by many of the teachers who were 
interviewed. None of the mathematics teachers seemed to believe that they could overcome their 
students’ English difficulties. Despite their low sense of mathematical teaching efficacy, they 
found that the use of everyday language, making connections, giving both visual and audio cues, 
and eliminating unnecessarily long wordage benefited students, especially emergent bilinguals. 
Logic dictates that if teachers were able to recognize challenges for their students, they would be 
able to strategize and assist in alleviating their issues. However, many of the practices suggested 
by teachers provide linguistic support, without incorporating students’ diverse cultural 
backgrounds and methodologies in the classroom.  
In answering the three research questions, it is clear that the score a student achieves on 
the SAT-M is not indicative of all they know. Even though language and its multiple dimensions 
plays a central role in how students answer questions, there are other factors at play such as time 
constraints, test format, and exposure to the test constructs prior to the exams. This research 
reaffirms that strategies used by students are dependent on the type of question asked and that the 
phrase “college and career readiness” is a concept that poses content and psychometric 
challenges, threatening the validity in predicting ELL’s college and career preparedness. Finally, 
educators need to be cognizant of the needs of different groups and avoid developing negative 
ideas about their students’ mathematical potential. This requires a shift away from ideas of what 
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students cannot do to what schools can do to make students’ educational experience more 
equitable. 
Limitations 
There were some limitations to this study. In terms of participants, the number of students 
enrolled in the study was 78 which constitutes a small sample size and one that is not 
representative of the population of students in the United States. Of the students who 
participated, many came from higher level mathematics courses which may have affected the 
overall average scores. Only students from two of the high schools in the district were 
administered exams face-to-face. The third high school, which had the largest ELL population, 
only had one student who took the exams online.  
The study was conducted in part during the Coronavirus pandemic when the participating 
school districts switched to online learning. The study was thus unable to proceed with in-person 
interviews for students and teachers. Students were recruited for follow-up conversation via 
email and were interviewed using Zoom. These adjustments further narrowed the study 
population by requiring students to have the means to communicate virtually (e.g., internet, 
bandwidth) and at times, complicated the study environment (e.g., background noise, static, 
unstable internet). Students had varying access to technology (e.g., computer vs. cell phone) and 
varying access to a full Zoom platform (e.g., some students only had access to a Zoom license 
that did not allow for annotation on the screen). Even when alternative platforms like Kami were 
used, technological issues occasionally compromised researcher-student communication.  
This study was also limited by the number of teachers that participated in the research. 
The Coronavirus pandemic led some teachers to drop out from the study due to competing 
responsibilities at home and virtual instruction. Additionally, none of the mathematics teachers 
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interviewed held an ESL certification. Their beliefs about students and learning may underlie 
how they distinguish between mathematical and cultural activities (i.e., what one might perceive 
as off-task or unproductive may actually reflect competence in a different social context). The 
perspective shared in the course of this study are only representative of the nine teachers who 
participated. Conclusions drawn on behalf of all high school teachers in the United States would 
need significantly more resources, time, and participants.  
Recommendations for Future Research 
Future research should replicate the study using greater number of students from a 
broader cross-section across multiple schools and districts for added statistical and nonstatistical 
power. Research should also expand to consider how a student’s native language, level of 
proficiency in the native language, level of academic proficiency in non-English subject areas, 
number of years in the United States, number of years of instruction in English, number of years 
of instruction in their native language, number of years in the ESL program, criteria for exiting 
ESL services, amount and type of support they receive at home and at school, socio-economic 
status, and other characteristics that may impact student performance on the SAT-M. The study 
could also be replicated with the same students to verify if the same difficulties are present for 
other versions of the SAT-M. Another suggestion for further study is to follow the same 
participants throughout high school to see how their performance on the SAT-M has improved. 
Unlike a permanent disability, English learners’ status is temporary and evolving, assuming they 
receive adequate support and instruction. A study involving the evolution of their language 
acquisition can reveal the efficacy of the supports offered to ELL students. 
Because ELLs are highly diverse and heterogenous, a study on the interaction effects 
between the current types of SAT accommodations and students’ background characteristics 
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would be informative. This could be accomplished by offering other types of accommodations 
such as linguistically simplified test items and see its effect on SAT-M performance. As 
discussed in the literature review, empirical studies completed by Abedi and Lord (2001) have 
found that using parallel items in modified English has enabled ELLs to score higher and has 
reduced the performance gap between English learners and other students.  
Following Katz, Bennet and Berger’s (2000) study on the effects of response formats, we 
can also delve deeper with studies comparing multiple-choice items to student-constructed 
response questions. If questions are comparatively the same for both formats, students’ score 
would reflect that. Otherwise students’ use of nontraditional methods may supersede their 
conceptual knowledge. 
Recommendations for Pedagogical Practice 
Even though many colleges and universities are now choosing to go test optional, the 
results of this study can inform policy holders, test-makers, instructors, and others of the effect of 
language on high-stakes standardized tests. The debate between context-laden problems and 
equity may suggest that one type of curriculum might be more advantageous to prepare students 
for standardized tests. However, such a conclusion may be problematic if we don’t also examine 
the way curricula are taught and the school policies to which teachers and students are subject. 
We should investigate the differences between equitable and inequitable teaching practices that 
lie within different pedagogical approaches.  
 In the classroom, teachers should consider the English language demands of content-area 
instruction, to enact support for English learners, and to develop ways to promote the academic 
language development of these students. Specific guidelines to deal with the achievement gap 
between ELLs and the native-speaking majority are unlikely to be universally applicable because 
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students bring in a wide range of languages, experiences, and expectations. However, teachers 
should consider making a conscientious step to provide the best learning opportunity for all 
students. The following are recommendations that grew from this research for pedagogical 
practice that teachers may use to help ease the transition of ELL learners. The list provided is 
only a glimpse of possible approaches one could take, some of which were used by the teachers 
in the study. 
• Teachers need to demonstrate that vocabulary can have multiple meanings. Teachers 
could help students understand the difference between two words and use them correctly 
in a mathematical context by applying the Frayer’s Model where students need to define, 
list characteristics or pictures, examples, and non-examples to identify key phrases or 
new vocabulary.  
• Teachers should provide multiple representations in terms of how a problem is presented 
and allow for different approaches to be used to demonstrate mastery. Visual and 
auditory cues, graphical representations, Venn Diagrams, and other representations may 
promote better translation and understanding.  
• To increase access to reformed mathematics, teachers should help students understand the 
questions posed, teach students to appreciate the need for justification, and discuss the 
multitude of ways a student can interpret a contextualized question. Teachers can modify 
any linguistic complexities and rephrase math problems to help students identify the main 
concept.  
• Teachers impart their understanding of mathematics through language. Therefore, 
instructors must avoid saying, “Addition makes things bigger” or “Division makes things 
smaller” and instead adopt the new habit of saying, “addition is about combining” and 
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differentiating between the three different structures of division: repeated subtraction, 
unit rates, and area (Faulkner, 2013, pp. 3-4). Thus, while mathematics is often seen as 
language free, in many ways learning mathematics is fundamentally dependent on 
language. 
• Another way to support ELL students is by making them aware of cognates, words that 
are similar across languages. For students from Latinate language backgrounds, such as 
Spanish, French, and Portuguese, many key mathematical words are highly similar (e.g., 
Velocity in Spanish is velocidad; initial in Portuguese is inicial.) Awareness of such 
cognates fosters student independence because English learners are able to draw on 
words and concepts that they already know to make meaning of English-language texts 
(Leith et al., 2016, p. 675). 
• Lastly, teachers should address much more than vocabulary and support ELL’s 
participation in mathematical discourse as they learn English. The focus should be on 
students’ mathematical reasoning and not on proficiency in English. 
These recommended activities all have the following underlying strategies:  
Using several expressions for the same concept; using gestures and objects to clarify 
meaning; accepting and building on student responses; revoicing student statements using 
more technical terms; and focusing not only on vocabulary development but also on 
mathematical content and argumentation practices. (Moschkovich, 1999, p. 11) 
Even though simplification of language is recommended, it is important to recognize that 
students will need to eventually confront and deal with dense and technical language. Teachers 
play a key role to that effect by helping students navigate between symbols, diagrams, and 
language and by introducing and explaining in oral language and then moving to more technical 
language. Additionally, instructors need to not only listen but also validate what students bring 
into the classroom, all while transitioning them from informal to formalized discourse 
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(Schleppegrell, 2007, p. 151). Lastly, teachers, policymakers, etc. can hold higher expectations 
of these children and “not simply remediate their limitations and their English learning” by 
adopting a “one size fits all” approach to assess English learners (García, 2009, p. 2). 
There have been arguments that state that the most efficient way to acquaint teachers of 
students’ culture is to recruit teachers of the same culture background as English learners. 
However, students must learn how to interact with people of other cultures. Therefore, preparing 
teachers for students they will be teaching regardless of their culture and ethnicity is imperative. 
Language is not learned in any methodical, systematic way but acquired through exposure and 
building on top of existing mental structures. Teacher education programs should help new 
teachers acquire cultural knowledge to make instruction more culturally appropriate. Some 
teachers may enact or struggle with equity-directed practices, depending on their own 
backgrounds. A deeper exploration into the learnings that a teacher brings into their classroom 
practices and how they navigate through systematic inequities can help open a dialogue about the 
complexities of providing equitable access to students and add significant nuance to implications 
presented in this study. Finally, schools need to provide training or professional development to 
teachers on this topic (e.g., Sheltered Instruction Observation Protocol (SIOP)) so that they may 
understand the second language acquisition process and apply it in their classroom.  
   There is the potential to develop norms among teachers, in content and methods 
courses, for example, around the posing of critical questions about mathematics content: 
who created it, to answer what questions, to what ends or purposes, to whose benefit, and 
to whose demise; whose experiences are reflected and valued in certain mathematics 
content of tasks and whose interests are ignored. (Rubel, 2017, p. 93) 
The goal is not to pin the responsibility on individual teachers but rather to work collectively as a 
group to address teachers’ low expectations and reflect on policies and practices that could 
cultivate a community where teachers feel empowered to help all students. 
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When it comes to class placement for students, it is easy to mistake lags in language with 
gaps in mathematical learning. Therefore, assessments to establish a baseline of where students 
are in terms of knowledge and language proficiency is important to help teachers tailor content 
and support English learners. A mathematics placement test should use simple, language-free, 
calculation-based problems to screen students’ content knowledge. 
As the integration of mathematics pedagogy and language instruction continue to be 
investigated, we need to consider design issues found in standardized tests like the SAT, 
especially if it is used as a gateway to higher education; specifically, issues related to students 
misunderstanding constructs and language, their inaccessibility of test items, and misreading of 
instructions, texts, and graphics. This study supports calls for changes in the formulation of 
certain SAT-M test questions and district policies with high-stakes consequences for ELLs (e.g., 
high-school graduation requirements based on standardized tests alone). A suggestion 
recommended by Abedi and Linquanti’s (2012) study on appropriate accommodations is to use 
conditional accommodations appropriate to ELLs. Due to their heterogenous classification, not 
all accommodations are appropriate for all ELLs. “Using an algorithm to assign configurations of 
accommodations tailored to ELLs’ linguistic and socio-cultural characteristics shows promise in 
yielding better performance outcomes than providing all available accommodations or no 
accommodations” (Abedi & Linquanti, 2012, p. 6). Another recommendation for College Board 
to consider is to provide accommodations during out-of-school SAT administration days; thus, 
providing more accessibility to English learners. 
Alternative and additional measures that take into account students’ level of English 
language proficiency may be more appropriate in determining whether ELLs meet expected 
levels of achievement in mathematics. To this end, we must provide opportunities for every child 
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to access and learn mathematics in a rich and meaningful way and to find ways to improve 
and/or refine the design of large-scale tests. The research findings from this study support the 
notion that mathematics instruction for ELL students can be improved with mindful adjustments 
in the mathematics classroom, as well as in the construction of national assessments that proport 
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3. Homeroom Teacher/Location: 
 




6. Years in United States: 
 
7. Country of Origin: 
 
8. Native Language: 
 
9. Years learning English: 
 
10. Have you ever been in ESL or are you currently in ESL? If you were in ESK, when did 
you exit the program?  
 
11. Is the language you speak at school the same as the language you use at home?  
 
12. How long do you think it takes for one to get comfortable with the English Language?  
 
13. Do you think math language is different than the English Language? Explain.  
 
14. Math Courses (You should have completed Algebra 1 and Geometry) 




b. Were there any math courses you did not like? If so, what was it and why?  
 
 




d. Are there any supports that the teacher gave to help you better understand math 
questions?  
 
e. Do you get any support outside of school– like from friends, family, etc.?  
 
15. PSAT/SAT experience 
a. Are you currently taking an SAT Test prep class? 
 
b. How many times have you taken the SAT/PSAT?  
 
c. How do you prepare for the PSAT/SAT? 
 






e. Do you feel that the SAT showcases what you know in mathematics? Do you 
think they should add certain questions or eliminate certain questions? Why or 
why not? 
______________________________________________________________________________ 
Thank you again for your participation.  
Please indicate if you’re comfortable or not in being interviewed. Select from one of the 
following. 
☐ You may contact me to set up an interview. The best way to contact me to set up an 
appointment is: 
_____________________________________________________________________________. 
☐ No, I do not want to do an interview. 
If you said you’re okay with an interview, please circle what day(s) you’re available. (You may 
circle more than one):  
 
Monday  Tuesday  Wednesday  Thursday  Friday 
 
Time(s) you’re available. (You may check off more than one):  












































Part 1: Getting to know you 
1. Name (First Last): 
 
2. Grade(s) you teach: 
 
3. Subject(s) you teach: 
 
4. Years of Teaching: 
 
5. Years in the District: 
 
6. Do you speak another language? If so, what is it? 
a. Are you fluent?  
 
 
b. Is it your native language? Or did you learn it at school? 
 
7. Have you ever used a language other than English while teaching? If so, when? 
 
8. How long do you think it takes for one to get comfortable with the English Language?  
 
 
9. Do you think math language is different than the English language? Explain. 
 
10. Some research has shown that English Language Learners are often placed in a lower-
level math class than they would otherwise be, despite good mathematics skills. Why do 
you think this happens? What is your opinion of this practice, and why?  
 
 
11. How do you support English Language Learners in your math class? Are there other 
supports that this school/schools could provide for English Language Learners? Probe: 
Do you think that there should be a bilingual math class geared towards English 





12. If a student does not understand a question, how do you proceed? Are there any supports 
that you give to help students better understand math questions? If so, what are they? 
Part 2: While students are taking the exam, please peruse the exams and answer the 
following questions. 
1. Students were given two exams. Which exam do you think they will do better on? Worse 






2. For each exam, were there any questions that you thought were more difficult? (Please 
specify which exam and problem number.) 
a. Is the question more difficult for students in general?  
b. Or for students whose first language is not English? 
c. Why? 
You may repeat question (2) for any question(s) you identified as “difficult”. 
 
Exam and Problem # Difficult for whom? 
(General Pop. or ELL?) 














































3. Were there questions that you thought everyone should be able to answer, regardless of 





















Teacher Interview Protocol 
 
